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ARID FARMING 
OR: 
FARMING WITHOUT IRRIGATION.* 
JOHN A. WIDTSOE {lND LEWIS A. MERRILL. · 
I.-INTRODUCTION. 
There are in Utah many lands that will not, for many 
years to come, be brought under irrigation; and there are many 
others that probably will never be irriga.ted. These are usually 
high-lying lands, often far from large streams, to irrigate 
which, would require the construction of exceptionally costly 
reservoirs, dams, and canals. Many Utah valleys are so far re-
moved from the water supply of the State that it is improbable 
- that water will be carried past other thirsting lands to these 
outlying places. The building of irrigation works is a venture 
in which profits and losses are considered; and at best, there-
fore , irrigation will be practiced on the com para ti vel y low-lying 
floors and sides of the valleys; and then only in the most ac- · 
cessible districts-:-where the area of land redeemed will be com-
mensurate with the cost of the canal. 
The future development of Utah will necessarily depend 
upon the extension of the old irrigation systems and the crea-
tion of new ones. Only a small fraction of the water supply is 
used at the present. for purposes of irrigation. With the con-
struction of mighty reservoirs to store the floods of spring, and 
the digging of new and larger canals to carry the increased 
summer supply, a large portion of the present unused lands 
will be converted into the incomparable fields of irrigation 
farming. Still, when the best systems of irrigation shall be in 
operation, there will not be water enough to cover all of the 
lands of Utah; there will . still be found tracts of land lying 
above and :beyond the reach of irrigation canals. 
*An arid district is one with scanty rainfall , abundant sunshine and usually 
with deep soils. Farming without irrigation in such a. district may well be called 
m'id farming. Dry farming, the term frequently used, is less exact; and the terms 
"dry farm" and "dry farmer" are objectionable. moreover, because of the common in-
terpretation given to them, The authors, therefore; take the liberty of proposing the 
terms "Arid Farming," "Arid Farm" and "Arid Farmer" to be used in connection 
with discussions of farming without irrigation in an arid district. Corresponding 
terms would be "Irrigation Farming," "Irrigated Farm" and" [rrigation Farmer." If 
our friends of humid districts allow, we might say also," Humid Farming," "Humid 
Farm," and "Humid Farmer." 
68 BULLETIN NO. 75. 
These lands are now, fot' the greater part, lying idle, cov-
ered with sagebrush, greasewood, sunflowers and other plants 
characteristic of western deserts, the luxuriant growth of 
which, indicates the wondrous, inherent fertility of the soil. 
What can be done with these lands, in order that they may 
aid in the development of the prosperity of our State? It is the 
beginning of a satisfactory answer to this question that this 
bulletin intends to make. 
The question asked above is not a new one. The pioneers 
of 1847, in the midst of the first canal building, asked it; their 
decendants, after having extended the old canals and built new 
ones, still asked the same question; and to-day, when more land 
is irrigated than has ever been irrigated before, the thinking 
men of the community consider the serious question of utilizing 
the so-called dry lands of the State. 
The pioneers of Utah had been brought up in countries 
where irrigation was an unknown practice. The artificial water-
ing of the soil seemed to them an unattracti ve and laborious ad-
dition to the art of agriculture. Many of them, therefore, tried 
to raise different crops without irrigation, and, among numer-
ous failures, some trials proved successful. It was noticed, 
especially, that wheat and other grains, in certain districts, and 
in favorable years, gave fair returns without the addition of a 
drop of water, except such as fell as snow and rain. The first 
successful arid farming in Utah was practiced, so it is said, on 
the sand ridge between Ogden and Bountifu1.* Even to-day, 
that locality is covered with magnificent arid farms. However, 
as canals were built, dry farm experiments were discontinued, 
and the irrigated farms with their much larger returns claimed 
the whole attention of the settlers. 
Within the last ten or fifteen years, the thoughts of Utah 
farmers have returned to the possibilities of the arid farm, for 
it seems that the growth of the population has been more rapid 
than the construction of canals; and, as a consequence, many 
young men 'have found themselves without sufficient irrigated 
land to consume all their energies; and have been led into a 
!Study of the value of the arid farm. Others, again, have found 
~Prof. J. W . Powell. in Lands of the Arid Region, published in 1879, page 78 
states that dry farming has been practiced in Bear River City, "for a number of 
years ." He states also (sa me place) that the Sand Ridge was dry farmed in 1876-77. It 
is certain that experiments in dry farmin2' were tried early in the fifties. It is a mattel' 
of record that arid farming was practiced in Bear River City in 1866. 
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that irrigated land, used for grain-raising, considering the .cost 
of water, does not return a fair interest on the capital invested, 
and on the labor expended. Such thoughts have again led to 
the consideration of the arid farm, where grain may be grown 
at a small cost. There can be no doubt, in the minds of those 
who have studied the question, that extensive wheat growing on 
the irrigated farms of Utah, is a thing of the 'past. Sugar beets, 
potatoes, tomatoes, garden vegetables, frui t and other crops 
will cover the lands below the canals, while the wheat farms will 
be above. 
Another reason why arid farming has, just now. come 
into prominence, is that better methods of culture ha.ve been 
developed; and that, by these methods, it has been shown that 
hundreds of thousands of acres, that for years have been 
looked upon as barren wastes, can be made to yield large crops 
of wheat under a rational system of arid farming. . 
Irrigation is the life of Utah, yet, while irrigation is reach-
ing that excellence which must come, let all possible lands be 
used, even to the extent of our population. 
This bulletin has been ~ritten to furnish a survey of the 
possibilities of arid farming .in the State, and a statement of the. 
most rational methods to be followed in the work. 
2. THE PLANT's NEED O F WATER. 
Water is indispensable to plant life. It occurs, and must" 
occur, in every portion of the plant, and at all times of 
its existence, as long as life continues. Even after death, plants 
retain a small amount of water. Dry wood for instance, contains 
10% to 15% of water, and the driest flour on the market,contains 
not less than 6%. 
Young growing plants frequently contain as much water 
as does rich cow's milk; a crop of field peas, two months after 
seeding, contained *88.30% of water; lucern cut on May 4th, con-
tainedt 83.15%, and a crop of oats contained on July 7th, 76.66%. 
As the plant grows older the proportion of water decreases; for 
instance, the crop of field peas, three months after seeding,con-
tained only 70.39% water; the lucern on Aug. 17th, 63.24%, and 
the oats, on Aug. 16th, when it was over-ripe, but 7.30%. 
When the plant is young, the leaves and the stalks con-
tain about eq ual proportions of water. With increasing age, 
.. Utah Bulletin, 69, p. 317. t Utah Bulletin, 48, p. 8. 
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however, the proportion of water in the stalks becomes some-
what higher than that in the leaves. though the difference is 
never very great. 
Plants obtain the water that t:Qey require from the soil. 
The fine root branches send out minute, delicate root hairs, 
that have the power of drawing water into themselves. These 
root hairs, as they forage about, come into contact with the soil 
grains, around which, if the soil con.tains moisture at all, the 
water is held as a thin film. The sucking of the root hairs 
makes the water film thinner, and water from adjoining soil 
particles is drawn upon to supply the plant. This is continued 
by the root hairs as long as there is water in the soil, or as long 
as the plant has need of water. 
The water , thu5 obtained is forced upward through the 
roots and stem, and most of it is finally evaporated from the 
leaves. From the soil, the plant takes many ingredients that 
are necessary to its growth; and these, owing to the upward 
movement of the water, are distributed, according to the needs 
of the plant, among its various parts. A portion of the water 
which reaches the leaves is caused to combine with the carbon. 
taken by the plant from the air. to form the sugars, starches, 
.oils, and other important substances obtained from the vegeta-
ble kingdom. It may then easily be understood how important 
l.t is that water should be passing constantly through the plant, 
from root to leaf. If this movement be interrupted for a short 
-time, serious injury to the plant follows. 
The evaporation of water from the leaves of plants willnatur-
ally result in the consumption 'of large quantities of water, 
much -larger than the quantity contained at anyone time by the 
plant. In fact, a plant may be likened to a garden hose, which 
can hold but a few quarts of water, but through which hun-
dreds of gallons may pass in one day. In all questions per-
taining to irrigation or arid farming, it is of first importance to 
know how much water passes- through the plant during the 
growing season, and the smallest current that will enable the 
plan t to grow normally. 
Experiments having this purpose in view have be~n made 
both in Europe and America; but very few have been carried 
on under the peculiar climatic conditions that prevail in Utah. 
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A study of the results already in our possession will, however, 
be of value in this discussion. 
Prof. F. H. King of the University of Wisconsin grew a 
number of plants in large tanks filled with a known weight 
of soil. Water was added as required by the ' crops, and 
the weights of water thus added were accurately determined. 
At the end of the season the crops were harvested, dried and 
weighed. From these data the quantity of water necessary to 
produce one ton of dry matter of any crop was readily obtained. 
The results of numerous experiments are stated by Prof. King 
as follows: 
TA.BLE i. -The mean a mount of water used by variou s plants in Wisconsin in 
prod ucing a ton of dry matter .-
Ba rley ....... . .. .. 
Oat s .. . . .. ...... . ... . .. . ........ . . 
Corn . .. ... .. . . . ... . .... . .. . .. . . . ... . .. .. . . . ..... .. . . . . . ... . .. . 
Clover . " ........ . .. . . ... . .. . . ... . ... . ......... .. .. . . . .. ... . . 
P eas . ... . ...... .. . . . .. .... . ... ...... ... . .. . . ... ... . . . . . .. . .. . . 
Potatoes . ... . .. . .. . . . ... . .... .... .. . . . .. .... .. ..... . .. . . . .. . . 
Ave rage . 
*liing, Irrigation and Drainage, p. 46 . 
W at e r used Acre inches o f 
per ton of dry wat f'r p e r t on 
matter . of dry matt e r 
Tons. Tons . 
464 .1 
503 .9 
270. 9 
576.6 
477 .2 
385 .1 
446. 3 
4.096 
4.H7 
2.391 
5.089 
4.212 
3 .. 399 
3.939 
From the above table it is seen that, in Wisconsin, it 
requires nearly 450 tons of water to produce one ton of dry sub-
stance of an ordinary crop. It must be remembered, however, 
that this amount is more than would be required, had the 
plants been grown in the field, for the unnatural conditions un-
der which plants in pots grow, cause a large waste of water. 
We may safely assume that larger quantities of water than 
those stated in the table are not required to produce one ton of 
dry matter under the climatic conditions of Wisconsin. 
The main arid farm crop is wheat. Since Prof. King has 
made no observations on this crop, he has taken the results ob-
tained by Hellriegel, of Germany, and made very interesting 
calculations from them. Hel1riegel found that 453 tons of water-
are necessary to produce one ton of dry wheat-grain and 
straw. Using this fact as the basis of the calculations, and as-
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suming that for every pound of grain there are 1.5 pounds of 
straw, Prof. King has arranged a table showing the amount of 
water necessary to produce different crops of wheat. 
TA.BLE 2.-Showing the least amount of water required to produce different 
yields of wheat per acre (under the climate of Germany). 
Bushels 
per acre. 
(When the ratio of grain to straw is 1: 1. 5. ) 
Water Used 
(acre inches) 
Fifteen ............... .. ............ .. ............... .. .. . ....... . ............. 4.498 
Twenty ...................... . .... ..... .. ........ .. ..... .. .... .... . . .... . ... .. . 5.998 
Twenty-five ....... . ........ . . . . ..... . ...............•.... . .... . . .. ...... ' .... . . 7.497 
Thirty ..........••..... . . ... . ... .. . . ... ....... .. .. .. .. .. ...... . . . . ... ... .. .. .. 8.997 
Thirty-five . . . .. . ............. . ... . .......... . ... .. ........ . . ...... .... . , .. ... . . 10,495 
Forty .. ...... .......... . . ........... .. .. ........................ .. ........... 12 .000 
This table reveals some very surprising facts. To produce 
a crop of wheat, yielding 15 bushels of grain to the acre (nearly 
the average arid farm crop of Utah,) if the soil conditions are 
favorable, requires a rainfall of less than 5 inches. To produce 
40 bushels to the acre requires the small rainfall of 12 inches. 
To be sure, we cannot accept these figures as being absolutely 
true, for there is a constant factor of evaporation from the soil 
that Prof. King has not Gonsidered; and, besides, on an ordinary 
farm, a portion of the water that falls as rain or snow, is lost by 
surface or sub-surface drainage. 
Now, there is no dou bt, that, under the dry and sunny 
climate of Utah, and of all arid countries, evaporation from the 
soil occurs much more rapidly than in Wisconsin or Germany, 
though it is not so certain that the loss of water from plants, 
through transpiration, is likewise greater; for there are evi-
dences that tend to show that plants, growing under arid con-
ditions, adapt themselves to their environment and evaporate 
less water than the same plant does under humid conditions. 
It must be confessed that our exact' knowledge of this subject 
is lamentably deficient, and that any discussion of it must be 
incomplete. The Utah Experiment Station has instituted a 
series of researches dealing with the water requirements 
of plants and the evaporation of water from soils under arid 
conditions. The work has not yet progressed far enough to 
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yield results that can be subjected to .extended discussion. 
However, one set of experiments may be introduced, that may 
throw some light on one phase of the relation of the pJant to 
water in Utah. 
In the spring of 1901, twelve iron cylinders, 500 square in-
ches in area and 2i- feet deep, filled with soil from the college 
farm, were placed in a long narrow trench. two and a half feet 
deep and so arranged that the cylinders could be lifted out and 
weighed. without difficulty. In these pots were planted seeds 
of various plants-two pots to each crop-and two pots were 
left fallow, in order that the evaporation from bare ground 
could be studied. The man in charge was instructed to add 
water in small quantities. whenever the plant seemed to need 
it. The pots were weighed from time to time (see fig. 7) and 
the crops, when ripe, were harvested and the dry matter that 
they contained, determined. The results from one season's 
'Work are gIven in table 3. 
TABLE :l.-The amount of water used by various plants to produce one pound 
·of dry matter in Utah, (under wasto:lful system of irrigation, which, however, allows 
.no water to run off the soil). 
Crop . 
Crop . ) <±'6;s !Wheat. Corn. Peas. (~i~~~n I FalloJIFallow R ~~:~i 
L=e=n=g=th= o=f= g=r=oW=in=g=p=e=rj=o=d=. =1.:== = = =1= 
. Days.. . ... . ... . .... .. .. . . . . . . . .. 103 147 ~I~ ~ ~ 147 
Number of Irrigations . . ... ... . 14 19 121 9 151 15 20 
N.-l-lm- be-r- o- f- C- U- l-tj-V-at-j-on-s-.-.. -. -.. -.. -. 1---0 8 --7 --0 0 I 7 1 ___ 8_ 
Water used l Pot. A .... . .. . ..• . . 183,748 219, 612 128,448 126, 143 76, 878 81, 894 
Grams . ~ Pot B . .. ... ... ..... 182,214 294, 208 137,796 122,039 .. ... . .. .. ..... . 
250,969 
227, 381 
--·-----------1--- --- ------ ----------
Dry Matter ") Pot A... . . .. .. . . .. 
Produced r 
Grflms ) Pot B . .. . . .. . . .. .. . 
Pounds Water") Pot A . . . . .. . .. . . 
or one Pound ~ Pot B . . ....... . 
Dry Mat~er . J Average, . . . . . . 
Equivalent to inches of Rain-
lall . . .... ...... . .. . . . .... . .. . . . 
155 
148 
llEl5 
1231 
1208 
269 
277 
--
1087 
1062 
1075 
105 
121 
--
1223 
1221 
1222 
80 . .... .. .... . .. . . 
79 .5 .. ..... . .... .. . 
305 
280 
----- ----
1577 .... .. .. .. ... .. . 823 
1535 ... . .... .. .. .... 812 
1556 ....... . .. ... ... 817 
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It will be observed from table 3, that, leaving out lucern,. 
which -requires two seasons to reach its proper growth, and 
sugar beets, which represent tops and roots, and are not, there-
fore, strictly comparable with crops like corn and wheat that 
represent tops only, an average of 1168 lbs. of water were re-
quired to produce one pound of dry matter in wheat, corn and 
peas; which is 2.6 times as much as is required for similiar 
crops in Wisconsin. Now, it must be stated, distinctly, that 
these amounts are the maximum under Utah irrigation condi-
tions. Each watering was small, and moistened the soil only 
to the depth of a few inches and as a consequence the irriga-
tions were frequent, from 12 to 14, when under ordinary con-
ditions for the same crops, they seldom numberILore than20r 4. 
This is the condition under which water evaporates most rapid-
ly from soils. At the same time the plant roots were kept near 
the surface, subject to the influence of the hot sun beating 
down upon the baked surfaces. The economical method of 
watering is to irrigate heavily, in order to store water in the-
lower parts of the soil, and to repeat the process as seldom as 
possible. The wet surface connecting with the :filled capillary 
spaces of the soil that follows every irrigation is exceptionally 
favorable for evaporation, and, in spite of the best endeavors 
of the irrigator, will result in a large lo~s of water before the 
surface soil layer is so dryas to prevent further capillary 
movements. In the above experiment the pots were watered 
about every seven days, and the surface soil, as a consequence ,. 
was wet or moist about one-half of the whole time. 
In the arid farm soils of the State, as will be shown later, 
the precipitation of fall, winter and spring is stored deep in the 
soil, and not enough rain falls after the growing season has be-
gun, to establish permanent capillary connections with the 
lower layers, and thus to produce evaporation from the soil 
directly. In addition, on the arid farms, when the crops are 
growing, the.top soil (0-3 inches) is soon baked so thoroughly 
that it frequently contains less than one-half per cent of mois-
ture. Through this layer of dry soil capillarity can not act, 
and whatever water escapes from the soil is taken by the plant 
roots and sent up into the leaves. 
This fact is indicated by the results of the two pots 
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that were left fallow. (Table 3.) The pots received the same 
amount of water, but the ' one 'Yas given shallow cultivation 
seven times during the season, while the other was not touched 
but allowed to bake ~fter each irrigation. At the end of the 
seasoll~ ten inches of water had evaporated from the culti vated 
pot, while only 9.6 inches from the one not cultivated. The sun-
baked crust furnished, therefore, a better protection against the 
loss 6f water, than did the soil mulch. This questio~,' which 
is of prime importance to arid farming is being followed up at 
the Station. 
The writers believe that two-thirds or less of the water re-
quired for the growth of crops according to table 3 is ample for 
crop production on economically irrigated and arid farms. 
However, not to weaken our argument for the feasibility of arid 
farming in Utah, the following table, showing the water nec-
essary for the production of various yields of wheat, has been 
constructed on the basis of the datum in table 3-that 1208 Ibs. 
of water are necessary to produce one pound of dry wheat. 
This certainly is a liberal allowance, which , should cover, 
abundantly, the effect of the great evaporation and continuous 
sunshine in Utah. Simi1ar tables might be constructed for 
corn, peas and other crops which would show that fair yields 
can be obtained, from most of the common crops with a few in-
ches of rainfall. 
TA.BLE 4.-The amount of water required to produce different yield~ of wheat 
per acre, * 
(Under the climate of Utah and under a wasteful system of irrigation, which 
however, a llows uo water to run off the soiL) 
Bushels 
per acre. 
Water required 
(acre inches.) 
Ten .... .... . . .. ...................... . . ..... .... . .... ' .. .... . .. . ... .... ........ 7.19 
Fifteen .................................... . ............................... . ... 11 .78 
T\venty ..... , ..... .. ... ... ..... ... ...... .. .. ... .. . .. .... ... . .. .. ....... ....... 14.38 
'twenty-five ............ .. ................... .. ...... ' ..... .......... ........ . 18'.97 
·When the ratio of grain to straw is 1 :1.5; and the moisture in the crop is 10 per 
cent. 
With such an assumption, 12 inches of rainfall should pro-
duce in Utah, conditions being favorable for the retention of 
moisture in the soil, not less than 15 bushels to the acre; ~4.50 
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inches should produce 20 bushels; 19 inches, 25 bushels, and so 
on. As a matter of fact, records are at hand which show, that 
in localities where the rainfall is less than 12 inches, 25 bushels 
to the acre have been raised three years in succession. " It is 
:also true that in the localities in Cache and Box Elder counties, 
where arid farming has been made a very great succ,ess, the 
annual rainfall rarely exceeds 12 inches, and frequently it is 
under- lO inches. The average crop in these counties, has 
varied with the season from 15 to 25 bushels of wheat to the 
,acre. There is, then, no need of proving that where the rain-
fall is above 12 inches, providing the soil conditions are right, 
'successful arid farming can be practiced. * Instead, the most 
important question before us is, in what parts of the State of 
Utah is the rainfall large enough to make arid farming a profit-
able practice? 
3. THE RAINFALL OF THE STATE. 
The present knowledge of the climate of Utah for agricul-
tural purposes, is far from complete, though meteorologicalob-
'servations have been made for many years in a few easily ac-
·cessible localities, and there is a very good comprehension of 
the general climate of the State. When, however, questions 
are asked concerning any particuliar locality, the answers are 
-often unsatisfactory; since, for some of the more important 
.agricultural districts, records of systemetic meteorological ob-
servations are not at ail to be found. The Utah Section of the , 
Weather B~reau has established numerous new stations during 
the last few years, and data th~t will lead to a detailed knowl-
,edge of the climate of the State, are rapidly beingaccumulated.t 
The tables and discussions which follow are based, chiefly, 
on data obtained from the Annual Summary of the 'Utah Sec-
tion of the Climate and· Crop Service of the Weather Bureau for 
1900, prepared by L. H. Murdoch, section director. Twenty-
six stations have unbroken records, extending over several 
*5ee under discussion of the Soil Condit ions of the State, for t he theoretical COD-
'siderations that make it probable t hat 5 inches of rainfall m a y result in profitable arid 
farming . 
tBulletin 47 of the Ut,a h Station, by James Dryden, gives a comprehensive summary 
-of t he climate of the State. 
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years, and the averages of these have been used in preparing 
. . . . 
the tables that accompany thIS dIscussIOn. 
In the report just mentioned the State has been divided in-
to three sections, each of which, so far as is now known, pos-
sesses an approximately uniform climate. The northern sec-
tion includes, roughly, that portion of the State which lies north 
of an east and west line drawn through Provo; and includes 
Box Elder, Cache, Weber, Morgan, Davis, Summit, Salt Lake, 
Tooele, Utah, WaRatch, Rich and part of Uintah counties. 
The middle section extends south from the imaginary line 
through Provo, to the southern boundaries of Beaver, Piute 
and Wayne counties; and is bounded on the east by Green 
River. The counties included by the middle section are, Juab, 
Sanpete, Carbon, Emery, Sevier, Millard, Beaver, Piute and 
Wayne counties. The southern section extends from the 
southern boundary of the middle section to the Arizona line and 
includes also the country lying east of Green and Colorado rivers. 
The counties embraced by this section are Iron, Garfield,Wash-
ington, Kane, San Juan and Grand . . 
Referring to the last column of table 5 A, it is seen that the 
average yearly rainfall in the northern section is 13.47 inches; 
or nearly enough, according to the discussion of the preceding 
section, to produce 20 bushels of wheat to the acre. It will be 
observed, however, that the yearly precipitation varies some-
what within the country included by this section. For in-
stance, at Fort Duchesne the rainfall is only 6.83 inches, and at 
Blue Cre'ek. 7.70; while, on the other hand, Huntsville receives 
19.73 inches and Heber 17.87 inches of precipitation yearly. 
When the mountain districts, and the country lying west of 
Great Salt Lake (The Great American Desert) be excluded, it 
is safe to conclude, as far as the total rainfall is concerned, that 
successful arid farming may be practiced anywhere within the 
northern section of the State. 
It is a common experience that rains in June and early July 
are of the greatest benefit to arid farm fields. From table 5 A 
it appea-rs that in the northern section, during these months the 
rainfall is only 8.83% of the total or slightly more than one-half 
inch per month. When it happens that this quantity of water 
is precipitated in one or two rains, the crops profit immensely 
STATIONS 
Alpine .. . .. .. . . ... . 
Blue Creek . ..... . . . 
Corinne ..... ... .... 
Ft. Duchesne .. .. . .. 
Heber . . . . . . . . . . . . ... 
Huntsville .. .. . .. . .. 
Logan . .. .. . . .. .. .. . 
Millville •.. . . .. . .. .. . 
Ogden . .. . . .. .. •. .•• . 
Salt Lake City . .. . . 
I 
~ 
.9~ 
~CI) 
alCl) 
> .... 
II 
~ 
4,900 
4,379 
4,232 
5,000 
5,606 
5,100 
4-,507 
4-,8(8 
4,307 
4,366 
Snowville •. . . . . ...... . 1 4,360 
Tooele .. .. .... .. .. . 4-,900 
Vernal.. .. .. ~ . .. .. .. I 5.050 
Averag e ........ .. .. 
.e 
'" o
. ~ 
CI) 
Il:lrn 
.... '" o· CI) 
.= » 
~ 
~ 
1:1 Ij 
---
6 
23 
31 
13 
8 
6 
10 
6 
31 
27 
11 
5 
6 
J a n. 
---
1.65 
.97 
1.33 
.40 
2.35 
2. 61 
1. 28 
1.46 
1.63 
1.44 
1.31 
.72 
.69 
1.38 
TABLE 5-NORMAL R AINFALL IN UTAH* 
Precipitation in I nches . 
A.-NORTHER N SECTION. 
Feb. Mar . Apr . May June July AUIr. Sept. 
- -------- ---
- - - ---------
2.19 1.40 1.30 2.52 . . 65 .88 .87 .91 
.7' .85 . 77 . 75 ,48 . 24 .35 .50 
1.19 1.3Z 1.03 1.14 . .53 ,48 .32 .64-
. 51 .61 .64 .79 .19 .54- .55 1.16 
2.55 'lU9 1.21 1.09 .48 1.15 .80 1 .15 
2.45 2.96 1.77 2.26 .5.1 .56 .53 .36 
1.18 1.97 1. 49 2 27 .71 . 4.1 .39 1.26 
1.23 2.n5 1.37 1.84 . 75 .55 .50 1.16 
1.57 1.68 1.41 1.61 .61 .25 .41 .66 
1.28 2.03 2.21 1. 72 . 79 . 53 .72 .93 
.83 1.61 .92 1.4-3 '. 61 .52 .25 .63 
1.19 2.01 .90 3.00 1.05 .64- .70 .16 
.59 1.01 .49 1.04- .40 .94- . 72 1.35 
1.35 1.74- 1.19 1.65 0.60 0.69 0.55 0.83 
.. 
-
Oct. No v. 
--- - --
1.03 1.22 
. 71 .37 
.86 1.00 
' .62 .18 
1.50 1.01 
1. 55 2.37 
1.00 1.13 
1.64 1.88 
1.32 1.13 
1.54 1.36 
.97 .89 
1.92 1.62 
1.08 .60 
1.21 1.13 
Dec. 
. 78 
.97 
1.59 
.64-
1.99 
1.80 
1.16 
1.24-
1.71 
1.64-
1.16 
1.07 
.54-
1.25 
Annual 
15 .40 
7.70 
11,43 
6.83 
17. 87 
19. 73 
14..25 
16.17 
13.99 
16 .19 
11 .13 
14.98 
9,45 
13 .47 
't 
00 
t:D 
~ 
~ 
8 
Z 
z 
9 
't 
?'-
TABLE 5-NOR MAL RAINFALL IN UTAH-Continued. 
---
~ ..... 
0 ~iCl) B .- MI DDLE SECTION. 
STATIONS ~i t,g~ ~ .. !:lQ)Ql Jan . Feb . March. Apr. May . June . J u ly . Au&:, . Sept. Oct . Nov. Dec. Annual. ; Q)~;" 
..::I 
------------ --------- ------ ------
Deseret . ... . .. . .... '4,541 7 .43 .95 1:03 .81 .97 .36 .22 .47 .60 .55 .. 24 .56 . 7.19 
Fillmor e . ... •• . ... . 5,100 8 1.24 1.50 2.18 1.91 1.28 .58 .8( .95 .92 .77 .87 .90 . 13.99 
Levan .. . ... . . . . . ... 5,OlG 11 1.51 1.56 2.30 1.76 1.53 .64 .73 .72 1.21 1.20 .94 2.02 16.12 
Mt. Pleasa nt .•..• . . 5,900 9 1.32 lU5 1.76 .47 1.34 .58 .87 .67 .84 .96 .88 1.58 13.52 
Scipio •. . ..... . .••... 5,260 6 1.54 1.65 2.83 .80 1.40 .41 .85 .88 1.53 1.94 1.25 1.13 15 .21 
Thistle . . ....... . .. . . 5,060 __ 9_ ~IL~ 1.78 .48 1.10 .50 .78 1.23 1.41 .25 1.15 1.50 12 .89 - - - --, 
Averae-e . . .. . .. . . .. . 1.22 1.50 1.98 1.04, 1.28 I .51 .71 .82 .92 ,85 .89 1.28 13.75 
C.-SOUTHERN SECTION. 
Giles . . .. . ........ . . . (,000 6 .60 .32 .16 .56 .30 .21 .49 .60 .71 .93 .23 .17 5.28 
Grover ••• . ........ . 5,~ 5 1.16 .61 .43 .30 .66 .59 2.05 1.21 .51 .78 .65 .19 9.14 
Loa .. . .......... . ... . 7,000 9 .52 .66 .48 .37 .46 .20 1.17 1.19 .60 .54 .33 .27 6.79 
Moab ...... . . . ...... 4,000 11 .70 .69 .88 .42 .56 .16 .60 .60 1.24 .60 .56 .92 7.93 
P a rowan . .. ....• . •. 5,970 10 1.13 1.56 2.05 1.15 1.20 .21 1.09 1.(0 .72 .83 .55 .94 12.83 
Pinto • . . .. .. . ; . .... . 5,970 4 .76 1.36 2.M .52 1.13 .36 .34 .85 .72 1.8" .39 .59 11.40 
St. George ..... . ... . I .. ?'~~~. 15 1.04 .88 .57 .26 .37 .06 .45 .61 .45 .34 .42 1.07 6.52 
- -----
Average .... . ...... _ .84 .87 1.01 .51 .67 .26 .88 .92 .71 .84 .45 .59 8.55 
*Based on the annu al summary fo r 1900, of the Utah section of the U. S . Weather Bureau . L . H . MU R DOCK, Di'rector . 
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WASHINGTON K A N E 
CHART I. -The area in this chart, the precipitation of 
which is 10-15 inches, is really smaller than it should be. Over 
a large portion of the area, the rainfall of which is indicated as 
5-10 inches, the precipitation is larger, but no systematic obser-
vations have been made there, and the portions of higher pre-
cipitation can not therefore be correctly indicated. 
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by it, but when a large number of slight showers make up the· 
total, the effect on the crop is not at all favorable- The main 
dependence of the arid farmer must always be the rains or 
snow of winter and early spring that sink into the soil and re-
main stored there. It may be observed that during the months. 
from October to May, inc1usi ve, the monthly rainfall is very 
uniform. This is of importance to the arid farmer, since it 
allows a constant downward motion of the water into the soil, 
which results in the smallest possible waste. Sudden, heavy 
rains are s eldom desirable on arid farms, becam~e part of the 
water runs off, and another part is evaporated, before it has 
time to soak into the soil. The total rainfall. and the distribu-
tion of the rainfall, indicate the suitability of the northern sec-
tion of Utah for arid farm purposes. The one thing that could 
be desired is a slightly heavier rainfall in the month of June, to· 
aid the plant in its final labor of seed preparation. 
Table 5 B, deals with the middle section of the State, 
and shows that the average yearly rainfall is 13.15 inches or 
only .32 inches less than the amount observed in the north. 
Within this district, also, there is considerable variation from: 
the normal; as shown for instance by the record at Deseret, 
where the total precipitation is only 7.19 inches, and at Scipio, 
where it is 16.12 inches. Still, the rainfall of the middle section 
is more nearly uniform than is that of the northern section. It 
is probably trpe that the eastern part of this district, south of 
the Great American Desert, and also south and east of Sevier 
Lake, receives much less precipitation than is represented by 
the average for the middle section of the State, yet the rainfaH 
there is doubtlessly much higher than is commonly believed, 
and it is very probable that much of this district, which at 
present seems entirely beyond redemption, by irrigation, can 
be con verted into profitable arid farms. As long, however, as. 
no rainfall and other climatic data are available from the eastern 
part of this section, further di s cussion is without profit. 
Coming back to the middle .section as a whole, it may be 
remarked that the distribution of the rainfall through the year 
is very similar to that of the northern section. The rainfall for 
June is slightly lower, and that for July somewhat higher. 
August and September receive more rain in the middle section 
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than in the north, but October and November· receive less 
The differences are hardly large enough to have any material 
effect on the germination and growth of the fall grain. March 
is the wettest month in both the northern and middle sections. 
Within that part of the middle section which lies in the 
Great Basin are .found fewer large streams than occur in the 
north. 'F-his is due to smaller waJer sheds that drain west-
ward. For this reason the section is considered much drier, 
and correctly so when irrigation is considered, but with ref-
erence to arid farm conditions the middle section is not much, 
if at all, inferior, to the northern divisio.n. 
The southern section of the State is considerably drier 
than the middle or northern section-the annual average rain-
fall being but 8.55 inches (see table 5 C.) According to the cal-
culation made in the preceding section, this is enough to pro-
duce at least 12 bushels of wheat to the acre. In this section. 
the climate is milder and more uniform throughout the year, 
and a greater loss of water by evaporation is likely to occur. 
Moreover, the precipitation is not very much. heavier in the win-
ter than at other seasons, and as a conseq uence, there is less 
chance for the soil to become thoroughly soaked, and ready for 
the use of the crop. Careful application of th.e principles that 
underlie the practice of arid farming will, no doubt, in the 
sou thern section, make it POSS\ ble to obtain good . arid farm 
yields from suitable soil, every sec~nd or third year. There 
are certain parts of the southern section that apppear to be. as 
well adapted for arid farming as are many localities in the north. 
For instance, the country around Parowan will be likely to yield 
good arid farms, as will also the valleys leading from Pan-
quitch into Kanab. It must be said, however, that before arid 
farming becomes as profitable in the southern section of the 
State as it is in the north, much careful experimentation must 
be carried on, in order that practices may be devised to meet 
the peculiar conditions of the soils and climate. If such ex-
periments be undertaken, much of the arid land of southern 
Utah will be made to yield muCh toward the prosperity of the 
people. Profitable arid farming is far from being impossible in 
the southern section of the State. 
To summarize:-The rainfall data of the State indicate 
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that arid farming is possible over the greater portions of the 
northern and middle sections; and that with proper methods of 
tillage, it will probably be successful in the southern section. 
4. THE RE LATIVE HUMIDITY OF UTAH CLIMATE. 
The idea 'prevails very generally that the Great Salt Lake 
e xerts a marked favorable influence upon the arid farms of 
the northern part of the State. The statement is often made 
that so much more dew falls in the north that the crops on arid 
farms are largely fed by it. This, from our knowledge of arid 
farm crops, seems very unlikely indeed. A plant can take up 
but very little water by means of its leaves and stalks, and the 
depth of soil moistened by the dew fall is such a small fraction 
of an inch, that plant roots are not reached. Especially true 
does this seem in view of the deep-going root systems of all 
crops grown under arid farm conditions. 
The dryness of the atmosphere determines, largely, the 
rate at which water evaporates into the air-the drier the air, 
the more rapid the evaporation-and this principle is of impor-
tance to the arid and irrigation farmer. It is only natural to 
expect that the atmosphere about the Great Salt Lake, from 
which large quantities of water evaporate annually, would be 
moister than the atmosphere in other parts of the State, re-
moved from large bodies of water; and that, as a consequence, 
evapora tion from the soil would be less rapid in the vicinity of 
the lakes of Utah than it is farther away. 
Very little information exists on this question; and the 
little in our possession, is not of such a nature as to warrant 
far-reaching conclusions. At Salt Lake City and at Logan, 
observations on the amount of water in the air have been made 
for a number of years-those at Salt Lake City for every month 
of. the year, while those at Logan have extended over only seven 
months of each year. Through the courtesy of Professor L. 
H. Murdoch, Director of the Utah Section of the U. S. Weather 
Bureau, we have been supplied with data relative to this sub-
ject, from southern Utah. According to his statement, they 
are the only records from that part of the State. All the re-
s ults are arranged for the five months, May-September, in 
table 6. 
The term relative humidity indicates the amount of moist-
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ure actually held by the air, as compared with the highest pos-
sible amount (represented by 100) that it can hold at t he giv en 
temperature. When the relative humidity of a certain locality 
at a certain time is 50, it means that the air holds just half as 
much as it is capable of holding. The higher the relative hu-
midity, therefore, the wetter the air. 
TABLE 6.-RELATIVE H UMIDITY IN UTAH . 
May. Jun e. July . Aug. Sept. Aver. 
--------1---
Sa lt La k e City (1890-1895) . ..... .. ...... .. .... 46 41 37 33 43 41 
Loga n (1892-1896) ... .. ... .. .. .. .... 
" 
. .. .. 59 51 49 55 59 55 
Frisco (1885-1887) ...... ........ .............. 32 .8 28.9 33 39.2 30 .7 33 
Cedar City (1899-1900) .. . .... .......... ..... . 31. 6 17 .8 24 28. 1 27.1 26 
Modena (1901) .. .......... ... . .. . . .. . . . " . .... 43 .3 31.0 32 46 26.4 36 
Of the places in the above table, Salt Lake City is nearest 
a large body of water; Logan follows, but a low range of moun-
tains separates Cache Valley from Salt Lake Valley. It is in-
teresting to observe that the average relative humidity for the 
months, May-September, is higher at Logan than at Salt 
Lake City. If all the other determining conditions were uni-
form, one is led to believe that the lake, after all, does not exert 
so marked an effect upon the dryness of the atmosphere as many 
people believe. 
The three remaining p1aces are in southern Utah, and it is 
evident there, that the atmosphere is considerably drier than 
in the north. The difference between the relative humidities 
of Cedar City (the lowest) and Salt Lake City is only one per 
cent. larger than the difference between Salt Lake City and 
Logan. Frisco lies nearest Sevier Lake; its average reltative 
humidity is 33. Modena lies farthest from Sevier Lake; its 
relative humidity is 36. This, again, awakens a doubt 
as to the influence of the lakes of Utah in determining the dry-
ness of the atmosphere. Probably, other factors, not gener-
ally considered, are of prime importance in this matter. 
From insufficient data, the discussion of this subject must 
be incomplete. It appears to be true that in the southern part 
of the State the air is drier; and the evaporation from the soil,. 
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therefore, probably more rapid. If that is tbe case, tbe arid 
farmer of tbe soutb must give more care to the proper treat-
ment of the soil ~or the conservation of moisture, tban his friend 
in tbe nortb. The whole matter, however, in the interest of 
southern Utah, sbould be put to experimental tests. In the 
opinion of tbe writers, the influence of the varying humidity in 
tbe State is not suffi cient to affect seriously tbe possibility of 
arid farming. 
5. THE SOILS OF THE STATE. 
Agricultural soils are formed from the rocks of the moun-
tains, tbat are pulverized by the action of water and the atmos-
pberic agencies. Tbe rock fragments, washed down into the 
valleys and hollows, result in soils that are suitable for tbe pur-
poses of the farmer. 
Soils, aside from the footbold wbich they afford vegeta-
tion serve tbe needs of tbe plant in two distinct ways. First,. 
they furnish the mineral food which is indispensable to tbe well 
being of all plants; and secondly, they serve as tbe store-bouse 
for the water, on which the plant depends for its existence. 
It has been shown tbat Utah soils are rich in all the essen-· 
tial plant foods;* and the system of fallowing which is indis-
.pensable in arid farming, will keep the soil fertility in an avail-
able condition from year to year. To the arid farmer, the re-
lation of the soil to water is of first importance; and he should 
understand clearly the properties that make a 'soil adapted for 
farming without irrigation. 
The rock fragments, commonly called soil grains or par-
ticles, that constitute a soil, lie close together, as do marbles in 
a bag. At numerous points the grains touch, but there remain 
"pores" or large, unfilled spaces between them. When water 
falls upon a soil, the pores of the upper layer are first filled; 
then, under the influence of gravity, the water sinks; the 
lower pores become filled and the upper ones are left more or less 
empt.y. In tbis manner, were there no opposing force, it might 
be imagined that water would, in a short time, soak through 
the soil and be lost in the country drainage. 
As is well known, rock and water have an attraction for 
each other, as is shown when a marble, after having been 
* Utah Bulletin No. 52. 
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dipped in water, is covered with a thin film of water. In 
obedience to this law of adhesion, the soil grains retain a thin 
film of water. the thickness of which varies with the size and 
nature of the particle. If, then, only a small quantity of water 
be added to a soil, it will soak downward until it is com-
pletely used up in moistening the soil grains. If, after suffi-
cient water has been added to a soil that rests, let us say, on 
gravelly subsoil, to moisten an the particles, any further addi-
tion of water will result only in drainage into the gravel. and 
will fail to make the soil permanently wetter. 
In a soil, then, recently moistened by rains or irrigation, 
if we imagine it magnified until we can see every particle sev-
eral feet deep, we shall behold a thin film of water surrounding 
every grain, and where two grains meet, there the films will 
meet and become continuous. As no soil particle is wholly 
shut out from all the others, the water in the soil will form one 
large film which is bent and twisted in such ~nfinite variety that 
the mind is dazed in the attempt to follow "it; but which, yet, is 
continuous, 5;0 that there are no free edges except at the upper 
and lower boundaries. The quantity of water that a soil may 
retain as a film around its grains is the "absolute water capac- ' 
ity" of that soil. The quantity of water that a soil may hold 
when all the soil pores are filled, is the "total water capacity" 
of the soil; such a soil is saturated. 
It is evident from this discussion that the quantity of water 
that the soil of a given farm can contain, depends first on the 
.absolute water capacity, and secondly on the depth of the soil. 
A coarse sandy soil will retain less than 10% of water; as the 
.grains become finer, the water capacity increases, until a 
.heavy clay soil may contain nearly 40% of water. As will be 
-shown later on, successful arid farms are found on heavy clay 
and light sand soils. 
Utah soils, like all those produced by arid conditions, are 
generally very deep, and very uniform to great depths in 
chemical and physical properties. The large valleys that con-
stitute an important portion of the State, have level, plain-like 
floors, the bottom soils of which are often 100 to 200 feet deep; 
and every foot is suitable for agricultural purposes. Fre-
quently, an uncontrolled mountain stream has cut through 
ARID FARMING OR DRY FARMING. 87 
these soils and exposed sections fifty or seventy-five feet in 
depth. Such a section in Sevier county was once sampled 
every ten feet and the samples sUbjected to chemical and phys-
ical tests, with results that . were so nearly alike as to fall with-
in ordinary experi mental error. The top soil, only, differed 
by containing a trifle more organic matter from the decay of 
plants that had grown on the land. Fig. (~shows the nature 
of such soils. It represents a cut through a piece of land on 
which first-class dry farm wheat had been growing for some 
time. The field does not extend quite to the cut, hence the 
sagebrush growth shown in the illustration. Even. on the side 
hills. the soils are deep-ten to on~ hundred feet and it is only 
when the steep mountain sides are reached that shallow soils 
predominate. There are of course some shallow soils in the 
State. These occur mostly on the "benches" near the mouths 
of canyons,· which are old deltas left by the prehistoric lake 
Bonneville, that played so important a part in the making of 
the agricultural soils of the western half of the State. The 
benches or deltas found near the mouths of the canyons con-
sist, as a rule, of coarse and fine gravel. sand, and clay, pro-
miscuously thrown down by the canyon river as it entered the 
lake. The soils on these gravel banks are sometimes four 
inches, rarely more than three feet in depth; the average be-
ing perhaps less than one foot. In places there are pockets of 
sand or clay, a few square rods or at the most an acre or two 
in extent, in which the soil may be ten to twenty feet in depth. 
Figure (4) shows a section of such a gravel bed, on which a 
tolerably thrifty crop of lucern is growing-at the cost of an ex-
cessive amount of water. Such shallow soils are of little value 
for arid farming. 
The prevailing great depth of Utah soils makes it possible 
for a large quantity of water to be stored in them. The aver-
age characteristic soils of the State , under ordinary conditions, 
are able to retain in each foot an amount of water that is ap-
proximately equivalent to 3.075 inches of rainfall. * The aver-
age total rainfall for Utah is 1.2.21 inches; which, then, could 
be retained by about three and one quarter feet of soil. Ac-
cording to this calculation, a farm, the soil of which is 6.5 feet 
*On the following assumption.: A.bsolute water capacity-22 .5 per cent; weight 
of dry soil over one acre, one foot deep, 3,750,000 pounds. 
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deep, can retain, without loss by drainage, the total rainfall 
for two years, if 9.75 feet deep, the raiafall for three years, 
and so on. The storage of water applied to Utah soils is conse-
quently tolerably ce'rtain; and the problem before the 
arid farmer is to get as much as is possible out of the rainfall 
and snowfall to soak into the soil so that storage will be pos-
sible. The great depth of Utah soils is of importance to both 
arid and irrigation farmer. 
A common idea, which' has probably arisen from the f~ct 
that surface soils, under an arid climate, dry out very quickly 
and completely, is, that the soils of the arid West are dryas 
dust to great depths. Numerous borings and analysis, made 
at representative places, have shown that this notion is incor-
rect. In table 7 some of these results are grouped together for 
ready comparison. No.1 was a coarse sandy soil, located near 
the foot of Newton Butte, in Trenton district, Cache 
County. Ground water was about 20 feet from the 
surface. The soil moisture varied from 4.71% in the 
first foot to 6.55% in the ninth. The sudden rise to 
13.70% in the tenth foot indicates the influence of the standing 
sub-surface water table. The total amount of water in the 
first ten feet is eq uivalent to 9.54 inches. It is possible that this 
farm is fed in part from the water that drains off the neighbor-
ing Newton Butte. Soil No.2 was found under entirely dif-
erent conditions. It is located near Collinston, Box Elder county, 
on the second hill west of Bear River. A washout, nearly fifty 
feet deep, indicated that no water was found at that depth. This 
soil was, therefore, dependent altogether, on the water supplied 
to it as rain or snow. The per Lent of water that it contained var-
ied from 4.32 to 11.48. The eighth and ninth feet appear to con-
tainmore moisture than the tenth, which is probably due to an 
error in sampling or analysis, rather than to an actual dimi-
nution of moisture at a depth of ten feet. It is no doubt true 
that in very deep soils there is a zone beyond which the effect 
of the rains is not felt, and which is, therefore, very dry, but it 
is seldom, if e ver only ten feet removed from the surface. The 
total amount of water in the first ten feet of No.2 is equivalent 
to 14.27 inches, or a year's rainfall. Sample No.3 was taken 
from the top of a hill between Newton and Clarkston. It is so 
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situated that drainage towards it is absolutely impossible. The 
distance to water, as estimated from the nearest wells and the 
lay of the country, is not less than 100 feet, and probably 
nearer 200 feet. In this soil, which depends solely upon rain 
and snow for the water it contains, the moisture varied from 
9.95% to 28.86% (the total amount in the first ten feet being 35.19 
inches, or nearly three seasons' rainfall), and shows excellently 
how the rains may soak ' into soils and keep them moist at 
considerable depths. These three soils had all been arid 
TABLE 7.-SHOWING AMOU NTS OF MOISTURE IN ARID SO i LS.· 
Depth of Sample . 
No . 1 No. 2 No . · 3 No.4-
Ss~1.y Loam. Clay. Loam. 
Per Ct. P e r Ct. Per Ct . Per Ct. 
Wa ter Water Wat er Water 
------- ---·----------1-- - - --__ 
F ir st foot. . . . 
Second foot . ... . . . . . . . .. . . . .. ... . . .. ... . 
4. 71 
5.03 
T hi r d foot . .. . . . . .. . .... . . .. . . . . .. .. . . . . .. . . . . .. . .. .. . . . ... 4.16 
F ou rth foot . . .. .. . . . .. ... .. ..... .... . . .. . .. . 4.21 
F ifth foot . . . . . . . . .. .. . .. . . ... . . .•.. ... . . .. . . .. . ... . .. . . . . . . . . 4.32 
I 
Sixth foot . . . . . . . . . . . .. . . .. ... . . . .. . .. .. .. ... -. ... ... ... . . . . . . 4.60 
Seventh foot . ... . . . . .... . .... . . ..... . ... ...... .. . . . ... .... . . 4.54 
Eigh t h foo t . .. .. .... . .. .... . . . .. .... .. . . .. .. . . . . ........ .. 5.82 
Ninth foot. . .. .. .. . . . . .... . .. . . .. . . ... .. .. . . . . .... 6.55 
Tenth foot . . .. . . . . ... . . .. .... .. .. . . . . ... . ... . .. . . .. .. . • .. .. . . 13.70 
4.32 9. 95 4.16 
7.59 13.58 6.44 
8 .05 16.96 7.59 
7.87 19.41 7.76 
7.76 23.46 6.77 
7.76 28 .86 
9. 35 25.24 
11 .48 25. 08 
11.17 24 .76 
10. 87 25 .24 
Total w ater-inches . . . . ....... .. .. . . .. .. .. ... ... .. 9.54 14.27 35 .19 5.41 
- --- ------------- ----1- - - - ----
M ore More More 
Dept h t o groun d water .. . _ ... .. ... .. ...... . . .... .. . . .. . .. ... /20 feet T han Tha n Than 
50 feet 100 feet 50 fee t 
*P erce nt s a re of dry soil ; i. e . , p arts of water held by 100 pa rts dry soil . This 
meth od is u sed throug hout t he bulletin. 
farmed for some years, and, indeed, carried first-class wheat 
c rops at the time the samples were taken. To meet the possi-
ble criticism that cultivation is responsible for the moisture, 
sample No.4 is introduced. It was taken not far from sample 
No.2, but had never been touched by the plow. At the time of 
the sampling it was covered with a vigorous growth of sage-
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brush. The table shows that its per cent of moisture for the 
first few feet varied between 4.16% and 7 .. 76%. It may be ob-
served that the water content is somewhat lower than in the 
case of the cultivated land No.2, and that is due, without ques-
tion, to the effect of tillage. It may also be stated that the work 
of sampling these fields was done in midsummer, when the 
moisture content would naturally be the lowest. 
It is frequently a matter of surprise to those who have occa-
sion to dig down some distance, on arid farms, that the soil a 
'few feet dO'wn, is so .moist that "one can almost squeeze the 
water out." Elaborate theories are devised to explain the fact · 
-when it is due wholly to the accumulation of the rainfall of 
many years. It is by this means that arid farms may be oper-
ated in districts ~here the annual rainfall is as low as five 
inches. If the surface soil be kept in the right condition, it large 
part of the precipitation will enter the land; and this, repeated 
several years, will result in a soil containing enough moisture 
to raise a good crop. Thus, where the rainfall is high, fre-
quent crops may be obtained, while in drier districts the fallow 
time must be extended. 
The relatively steep slopes on the sides of the valleys. 
reaching up to the mountains, are also peculiarly favored with 
respect to water. Some of the rain and snow that fall on the 
mountain sides soaks into the shallow soil, seeps down and is 
taken up by the first lower layers of deep soil. Thus it · hap-
pens that arid farms, located high up, as it seems, on the moun-
tain sides, ' are frequently the most productive. In Cache Val-
ley, many of the farms that are so located, raise sugar beets 
and potatoes that compare favorably in yield with the irrigated 
farms below. A barley field lying almost on the mountain side 
between Mendon and Wellsville was sampled. The . soil was 
sandy, about three feet in depth, with an average of 7.53% of 
moisture. A good crop was growing on the field. The lower 
arid farms, of course, receive less seepage and must depend 
almost entirely, as explained, on the rainfall to produce fair 
crops. 
It is also a truth, not generally understood, that a great por-
tion of Utah lands not yet under irrigation systems, are under-
laid by water. The fact that wells may be obtained almost any-
ARID FARMING OR DRY FARMING. 91 
where, if digging is continued deep enough, speaks for this. 
Sometimes the water comes within five or ten feet of the sur-
face, and then th 'e arid is as good as the irrigated farm. The 
most common cause of this condition is a stratum of rock, or 
clay, or some other impervious material, some feet below the 
surface, which continues as an unbroken sheet to the hills or 
mountains, and along which the water can seep down into the 
lower soils. On the surface, before cultivation, these soils 
differ from dry soils only by a slightly greener and heavier veg-
etation. Proper cultivation is necessary to bring out the full 
effect of the sub-surface supply of water. 
TAHLE 8.-Showing Moisture in Soils with Water Table near Surface. 
No . 1 No.2 No.3 No. 4, 
Depth of Sample. Sandy Soil 
Beets 
Sandy 
Soil 
~ucern 
Loam 
Sugar 
Beets 
Cla7. 
Potato's 
-----------------------------
First foot . . . . . . ... ... .........•...... . . ...... ~ . ..... . 
Second foot .... ... ... ... . ....... . .... .. . ....... . .. . . . 
Third foot...... . . . .... .. .... ... . ..... . ... ........ . 
Fourth foot .............. .. .. ..... . . ....... .. .... .. . . 
Fifth foot ................................... .... .... . 
3.31 
6.72 
13 19 
11 .61 
19.81 
4.65 
3.73 
3.36 
3. 95 
4.27 
Sixth foot . .. ... .. ...... . ... ...... ........ ... ... . ... . Sat'rat'd 7. 47 
Seventh foot. ...... .... ... . .... .... . .. ..• .... . . .... 7.07 
Eighth foot . . .... ... ..... ... ........ .. ...... .. ... ..... 6.15 
Ninth foot. . . . . ... . ...... . ... . .... .... ...... .. . . ... . 16.49 
Tenth foot.... .. .. .... . ... ... . .... .. .. . . . ... .. .. . . .. .. Sat' rat'd 
42 .04 34.51 
37 38 3495 
29.44 36.79 
36.28 36.79 
40.25 42.24 
Sat'rat'd Sat'rat'd 
Table 8 gives the analytical results of borings that were 
made on farms, the fertility of which seemed exceptionally 
great. In every case it is seen that standing water was near 
the surface. The sugar beets growing on Nos. 1 and 3 were, 
to all appearances fully up to the average found on the irriga-
ted farms of the valley. 
The statement that arid farm wheat will do well only on a 
heavy clay soil, * has been investigated with the result that 
fields of wheat in splendid condition were found on various 
soils, ranging from coarse sand to heavy adobe clay. As would 
*Prof. J. W. Powell (Arid Lands, page 78) states that a sandy soil seems to be an 
essential condition for dry farming. 
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be expected from the known properties of soil, the percentage 
amount of moisture in the sandy soils was much smaller than 
that in the clay; as is illustrated in table No.9. 
TABLE 9.-Showing Moisture Content in Different Kinds of Soil. 
No.1 
Coarse 
l::land. 
Wheat 
No.2 
Sandy 
Loam. 
Wheat 
No . 3 
Loam. 
Wheat 
No." I No.5 No. 6 
Clayey Clav. Heavy 
Loam. Clay. 
Wheat Barley Fallow 
-----------1---------'--------
First foot .. ... . ... .. .. . . .......... 4.71 5.09 7.99 6.83 10 .93 18.07 
Second foot ... ..... .............. 5.03 9.17 13 .90 7.99 12.68 24 .69 
Third foot ........ .... ............ 4.16 9.35 14.67 21.50 16.49 22 .18 
Fourth foot ... . .... .... .... .... .. 4.21 9.71 16.55 21.35 27.06 33.90 
Fifth foot ... . .. ... .......... .... 4.32 11.74 16 .55 23.52 30.38 40.09 
Sixth foot .................... .. . . 4.60 ..... . .. .. ..... . .. .. 22 .25 48.29 
Seventh foot. ...... .. ........... 4.54 • •• • • • H .......... 20 .70 46.20 
Eighth foot . . . ......... ...... 5.82 ... .. . ... . ... .... 24 .13 44.8i 
Ninth foot . . .. . . ........... . ...... S.55 .......... ......... 24 .69 45 .35 
Tenth foot ..... ...... .... ... ..... 13 .70 . ........ . ...... 24 .21 46 .20 
It must not be inferred from the data presented in table 
No.9 that because a sandy soil contains less water than does a 
clayey one, that, therefore, less moisture is available to plants 
in such a soil. It has been stated that water is held in soils as 
a thin film around the soil grains. If the thickness of this water 
film be the same in different soils, the availability of the water 
for crop purposes will also very nearly remain the same. 
Since sand grains are much larger than day particles, there 
will be a smaller number in a given volume or weight of soil, and 
a smaller amount of water will produce a water film of a definite 
thickness. It is said that 2% of water in a sandy soil is as valu-
able to the plant as 14% in a heavy clay soil. 
The prospective arid farmer, who understands the princi-
ples that have been laid down, should make a general under-
ground survey of the land before ' actual tillage is begun. The 
only tools necessary for this work are two It inch wood augers 
with iron rods welded on to their shafts to make them five and 
ten feet long, respectively. With these augers, borings can be 
made on various parts of the farm,an d thus a very definite idea 
can be obtained concerning the adaptability of the land for dry 
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farm purposes. Such a survey is equally important for the 
irrigation farmer, for it reveals the depth of soil, kind of sub-
soil, presence of hard pan, and so on. The work of boring re-
quires very little time, and, once made, makes the farmer mas-
ter of his farm to a depth of ten feet instead of the time-honored 
eight or ten inches. Indeed, in an arid country, the soil augers 
should be indispensable farm tools. 
The greater portion of the soils of Utah are suitable for 
arid farming. However, to pass reliable judgment on anyone 
farm for such a purpose,a careful underground survey by means 
of borings must be made. For successful arid farming a deep 
soil is as essential as an abundant rainfall. 
6. THE LENGTH OF THE GROWING SEASON IN THE STATE. 
Plant growth can take place only at a definite temperature, 
and in the presence of sufficient sunshine. These require-
ments are met especially well by the climate of Utah. 
According to the report of the Utah Section of the Weather 
Bureau, for 1900, there were 214 clear days, or 58.63%, during 
the whole year, 82 days, or 22.46% that were partly clear, and 
69 days, or 18.91 % that were cloudy. Considering o~ly the 
summer months, the proportion of sunny days becomes much 
higher, reaching 80% or more, of the possible sunshine. Since 
the important.process of abstracting carbon from the air can go 
on only in the presence of sunlight, it is evident that Utah 
crops are especially favored. 
The temperature at which a plant can 'grow best varies 
somewhat with the surrounding conditions. It may be said, 
that the common grains do not germinate at a temperature 
lower than 40° F., while growth begins at about 55° F., and 
becomes more active as the temperature is increased, up to 
about 90° F. By reference to table 10 it will be found that in 
the northern section of the State the average temperature for 
the months of May to September, inclusive, is above 55° F. 
and averages 66.2° F. Thus, the favorable temperature ex-
tends over a long growing season. 
In the middle section the temperature conditions are about 
the same, the average temperature for the five months, May-
September, being 64.4° F. 
i ..... 
0 0'0 
..... +> .. ep ... '" 
STATIONS. <"Q) +>0'"' <dQ) b.OoG$ 
;;. ..... ~ Q)IP Jan . Q) Q)~ >. 
~ ..:I 
---
Corinne .• . .••.• . ... . 4,232 31 24.1 
Ft. Duchesne .... . . . 5,000 13 9 .1 
Heber .. .. . . ... ... .. 5,606 S ]9.5 
Kelton . . . . .. ... . 4,223 23 22 .3 
Logan . .. .... .. . .•... 4,507 ]0 22. 8 
Ogden •.. .. . .. . •..... 4,307 31 28 .2 
Salt Lake City .. .. . . 4.866 27 27.9 
Snowville . .......... 4,360 11 23.5 
Tooele ........ .. 4,900 5 27 .S 
Vernal . . .. .. .. ... .. ') ~ -L.. -ll.?.. 
Average . . .. . . ..... . 2% .3 
TABLE 10-NORMAL TEMPERATURES IN UTAH . 
NORTHER N SECTION . 
F eb. March. Apr. 1\ ay . June . July. Aug . Sept. 
------------
--- --- --- ---
29.8 39 .8 50 .7 61.2 71 .7 80.1 74.4 66.1 
17 .2 34 .6 4S.2 56,4 65. 7 71 .0 69. S 62 .0 
20 .0 30.S 43 .8 52.2 58. 7 66. 3 64.9 55 .6 
28.~ 40.1 50 .2 60. 8 70 .5 7S. 7 75. 8 61.8 
24 .6 31.9 46 .8 54,4 62.6 70.6 70.4 61. 6 
33.0 41. 2 53 .1 61.9 72. 1 79.6 76 .8 66.1 
32 .9 41.6 49.5 57 .8 66 .9 75 .5 74.6 64.3 
25.6 35 .0 46.9 55.7 61.5 69 .6 68 .8 59 .2 
32. 1 36 .8 49.0 54,4 66.2 73 .0 72 .8 64.9 
~ ~ ~ ~ ~ ..22J.. .J.!U.. ~ 
26.6 36 .5 48.7 57.1 66.2 73.5 71. 8 62 .2 
Oct . Nov . 
- -- ---
51. 4 86 .8 
47.3 33.6 
438 35.2 
47 .9 34.3 
49 .8 37.4 
51.8 39.0 
52 .3 39 .S 
47.6 37 .1 
48 ,4 39 .3 
~ .2ll.. 
48.6 36.6 
Dec. 
28.7 
21. 9 
21.2 
29 .3 
24.3 
31.5 
32.8 
25 .6 
28 .8 
.2iL. 
25 .9 
Annual. 
51.2 
« .7 
42.7 
50.0 
46.4 
52 .S 
51.3 
46.3 
49. 5 
44.8 
48. 0 
~ 
..j:>.. 
til q 
b 
tt.1 
10-3 
H 
Z 
z 
? 
'l 
sn 
TABLE 100NORMA.L TEMPERATURES IN UTAH-Continued 
STATIONS. 
§ I t)'E rn MIDDLE SECTION . 
:OZ... is 0 10< ~~ ~~~ I ~.... §~... Jan . Feb. March. Apr. May. June . July . Aug' . Sept. Oct. Nov. I Dec. Annual 
til I~_ ___ _ _ _ _ _ _ _ 
Fillmore ........ . . . . 1 5,100 8 27.2 30.8 38.8 (9 .5 56.6 66 .9 74.1 73.7 65.4 51.1 39 .5 27 .8 50 .1 
Levan .... .... .. . .. . . 1 5,010 11 22.4 26 .3 35 2 46.4 55 .1 63.9 72 .0 70 .3 61.2 46 .8 35.9 24.5 ~ . 7 
Mt. Pleasant .• . .... . 1 5.900 9 22 .8 26.3 33.2 44. 1 52 .9 60.3 69 .8 69 .0 59 .9 48.1 35.9 26.2 45 .7 
SCipio .. ... . .. .. . .... I~I-L. I ...!U- I .Jll.. I~I~ ~1~1~1~1..!l.i. 1~1~1~1 46 .4 
Averaa-e . . ......... . 12L2 28.2 35 .5 I' 46.5;::- 54 .2 63 .7 71.4 70.5 61.9 48. 1 36.7 25 .5 47 .2 
SOUTHERN SECTION 
J.frisco •. . .. . . . . ...... I 6,520 I 6 29.4 33.4 36.7 47 .1 I 55 .6 66 .9 73 .8 7lA 64 .4 48 .7 39.8 31 ,8 49.9 
Giles ... ..... ...... . .. 4,000 6 23 .6 286 41.9 52 .2 62.3 69.6 79.4 74..9 66 .5 5l. 4 38.2 23.4 51.0 
Grover .............. 5,800 5 U.5 27.4 34 .0 40.7 50.2 58 .8 64.4 63.2 58.5 45.6 33.7 26 .4 44 .0 
Loa ...... .. ......... 7,000 9 22.4 24.3 31.6 41.2 50.1 59 .8 66.0 63 .8 54 .7 41.7 31.6 23.1 42 .5 
Moab ................ 4,000 11 28. 5 34.7 45 .7 54.5 65 .2 72.4 78 1 75 .0 65 .7 52.3 39.4 31.1 53 .5 
Paro,van . . ... .. .. .. 5,970 10 "&.7 .8 30.0 37 .6 47.6 55 .6 64.3 71.0 70 .2 61.6 49 .0 38.7 27.8 48.4 
Pinto . . ..• .... . .. . . .. 5,907" 4 23. 0 30 .2 33 .0 47.7 48 .3 61.1 68.4 64.9 58. 1 43 .7 36 .2 25.9 45 .0 
St. Georae ... . . .... ~ .....ll.... 36 .0 40.5 483 57 .0 68.1 77.4 83.0 ~ ~ ~ ..£;L.~ 59 .1 
- - - -
---
- -
Averaa-e ... . .. ...... 26 .9 3l.1 38.6 48.5 56 .9 66.3 73.0 70.6 62 .8 48.9 38.2 I 28.4 49.2 
> ~ 
~ 
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The southern section is somewhat warmer, though the 
temperature is so distributed that the average temperature for 
the growing season is only 65.9° F. 
It must be remembered that these temperatures are aver-
ages of the highest and 10.west points reached, and that the days 
are much warmer than the nights. Thus, the day temperature 
for May is' near 85 0 in the northern section,90u in the middle 
section, and 95° in the southern section; for June and July, 
100° , 105° and 105° ; for August, 95(\ 100° and 100° ; and for 
September, 85° , 90° and 90° . Plant growth is therefore very 
active in the daytime, and practically at a standstill during the 
hours of no sunshine. The moderate temperature that follows 
the early fall rains is of great value in giving the fall grain of 
the arid farms a first-class start. 
The temperature and sunshine conditions in the State are 
favorable to arid farming, when a few high lying localities are 
excepted, that lie so high that spring frosts are late and autumn 
frosts come early. Even in such places, an intelligent system 
of culture can be made to ripen crops more rapidly, and thus, 
virtually, to lengthen the growing season. 
7. LOCALITIES · ADAPTED TO ARID FARMING. 
The discussion contained in the preceding paragraphs leads 
to the belief that the greater part of the State will permit suc-
cessful arid farming, especially of wheat and oth,er grain crops. 
Practice has demonstrated that arid farming is a paying propo-
sition in Cache, Weber, Davis, Salt Lake, Utah and part of Box 
Elder counties. In Juab and Tooele counties, also, a few trials 
have demonstrated the feasibility of arid farming. Outside of 
these localities, attempts have rarely been made, and, what is 
worse, there is a strong opinion in many places that arid farm-
ing h<Js reached the limits of its. possibilities in the State. 
A study of the soil and climatic conditions of the State leads 
to the conviction that few localities are wholly unsuited for 
farming without irrigation. There are large tracts of the north 
around Bear Lake that appear promising; there are districts in 
Summit, Wasatch, and Uintah counties that possibly will raise 
arid farm grain successfully. There can be little question 
: about the favorable conditions in Tooele, Juab and Millard 
i counties. There the insufficient water supply will of necessity 
r; . - , 
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result in large arid farm districts. Sanpete and Sevier counties 
willlikewi'se fall into line, and utilize many of their waste lands 
when suitable methods of culture shall have been developed for 
them. In Carbon, Emery, Wayne and the eastern part of Gar- . 
field counties, some careful experimentation would enable a 
more positive statement to be made. Grand and San Juan 
~ounties, which have not been visited by the authors of this bul-
letin, should also be SUbjected to careful tests before certain 
conclusions can be drawn. There can be no doubt, however, 
that in the valleys from Circleville to Ka~ab, inPiute,Garfield and 
Kane counties, and along the sides of the Great Basin in Beaver 
and Iron counties, arid farmingcan be practiced successfully. It 
is still ' an open question whether the western halves of Juab, 
Millard, Beaver and Iron counties can be cultivated profitably 
withou't irrigation, but the probability is that correct methods 
of tillage will make arid farming possible in those desert dis-
tricts. In the lower parts of Washington county arid farming 
will probably never be very profitable; though no good reasons 
exist against the practice in the higher parts. 
Much needs to be done before the possibilities of arid 
farming in Utah shall be thoroughly known. For a further 
discussion of this subject see the last section of this bulletin. 
8. CROPS FOR ARID FARMING. 
The crops grown at present on the arid farms of Utah in_ 
clude wheat, lucern, corn and potatoes. Barley. oats, rye and 
sugar beets have been grown to a very limited extent. Until 
very recently, wheat has been the sole crop of the arid farmers,. 
but during the past two years, hundreds of acres have been 
' sown to lucern. In most instances, one crop of lucern is s e-
cured and the next crop allowed to go to seed. A number of 
the farmers of Cache Valley who follow arid farming, have found 
lucern to be a very profitable crop to grow. Wheat has been 
adopted as the principal crop on the arid farms mainly 
because of the possibility of seeding it in the fall, thus giving 
the crop the ad vantage of the winter precipitation. Rye has not 
been grown 'because of the limited market. No varieties of fall 
barley or fall oats have been grown in the State, consequently 
when these crops have been grown on the arid farms, they 
have been sown in the spring. Corn has been sown very suc-
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cessfully on many of these arid farms, though this crop hasnot 
received the attention from' the arid farmers that its possibili-
ties merit. As has been shown in another part of this bulletin, 
corn requires less water for the production of a pound of dry 
matter than wheat, lucern, peas, oats or barley. Corn, too, 
can be grown in check rows, permitting of tillage both ways, 
thus diminishing evaporation. Unfortunately the hot weather 
required for the successful production of corn, occurs during 
the period of greatest drouth, thus preventing tbe corn from 
obtaining the water under the most favorable circumstances. 
The following table shows what has been accomplished in the 
production of corn at the E xperiment Station, on the poorest 
kind of gravelly soil, and subject to severe canyon winds every 
evening during the growin~ season. (See al~o Figure 6.) 
TABLE n .-YIELDS OF CORN RAISED WITH AND WITHOUT IRRIGATION . 
Year 
1898 .. . . .... .. ... . . . . .. ...... .. .... . . . . ....... . 
1899 .. .. .......... .. .. .. ...... .. .. .......... .... 
1900 .•••. . .. . ...••.••. . . . ... ..... .. .... . . 
1901 . . . .. ...... . .. .. . .... . .. .. . .. . ....... . . .. . .. 
Irrigated Without Irrigation 
Cornb'sh' l Fod'r jtons Corn b'sh ' l Fod'r; t'na 
per acre p e r a cre per acre per acre 
50.28 2.53 16 .57 1.33 
29 .81 .65 ' .72 .48 
32.09 1.35 14.00 .95 
56. 85 2.10 26 .00 1.35 
The writers realize that the minimum yields are here gi ven 
but they are included in this report only to show what is possi-
ble under the most disad vantageous circumstances. On many 
of the bench lands in this valley, where the ground water does 
not come within many feet of the surface, with weekly culti-
vations, three and even four tines the above yields have been 
secured. 
A great many of the farmers of Utah are constantly endea-
voring to obtain crops with special drouth resisting qualities. 
The Experiment Station a few years ago distributed a large _ 
amount of Bromus Inermis, a forage plant supposed to with-
stand drouth. Many conflicting reports concerning this grass 
have been received, but from personal observation we have not 
yet found an ideal arid farm, on which a good stand of this 
grass has been secured. Where a minimum supply of water 
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has been applied, there have been excellent results Brome 
grass (Bromus Inermis) and Turkestan alfalfa have both been 
grown on the Station grounds, but in order to secure a stand 
water had to be applied. This distinct variety of lucern (Tur-
kestan alfalfa) was secured by Prof. N. · E. Hansen of South 
Dakota, from a region of extreme summer heat and drouth in 
Russian Turkestan. Both of these forage crops may prove of 
value to the arid farms, but our experience thus far does not 
justify the conclusion that they are successful without irriga-
tion. An attempt is being made on the Station farm, by selec-
tion, to secure a variety of wheat with drouth resistant quali-
ties. 
9. PLOWING. 
The best method by which the moisture essential to plant 
growth can be conserved in the soil has not been experiment-
ally demonstrated in the arid region. That plowing aids ·in con-
s erving moisture is shown by reference to table 12. These 
samples were taken on July 31st, from two adjacent pieces of 
land, one of which had never been plowed, the other having 
been cuI ti va ted for several years. The sam pIes were secured 
from a section just north of Collinston, Boxelder county, and 
below the railroad track. 
T ABLE 12. - SHOWn;G THE EFFECT OF PLOWING ON THE MOISTURE CON-
TENT OF THE SOIL. 
Depth Plowed Not ·Plowed Difference 
Inches Per. cent Per cent Per cent 
0-12 4.21 4.16 0.05 
12-24 7.59 6.44 0.15 
24-36 8. 05 I 7.59 0.46 36-48 7.87 7.76 0.11 
48-60 7.76 6.77 0.99 
Total water in inches 5.88 5.41 0.47 
The full significance of this table is not appreciated until 
we consider the fact that a crop of wheat had just been re-
moved from the plowed section, and this had utilized many 
tons of water. 
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The writers made observations on one arid farm in Juab 
county, about five miles south of Nephi. The sagebrush land 
was plowed three years ago in preparation for wheat, but has 
not been plowed since that time, though it has been sown to 
wheat each year, the seed having been sown on the stubble. 
The yields obtained, as given by the owners, emphasize the 
importance of thorough preparation by plowing. Thirty-five 
bushels of wheat per acre were obtained the first year, eigh.teen 
bushels per acre the second year, and eight bushels per acre 
the third year. 
Many farmers have observed that on arid farm lands, bet-
ter yields were secured if the land had been plowed in the fall, 
even if it were to lie fallow the next geason. The precipitation 
here is never large enough to over-saturate the soil, and if the 
laRd is ployved in the fall, leaving the surface uneven, (unhar-
rowed), the penetration of the m?isture in the form of sno~ 
and rain is more easily effected. On July 19, 1901, sam'ples of 
soil were taken from Mr. John Q. Adams' farm in Benson, 
Cache County, district. ' The following table gives the results 
of the moisture determinations from this farm: 
TABLE 13. -INFLUENCE OF FALL PLOWING ON SOIL MOISTURE. 
Inches Fall Plowed Spring Plowed Difference 
Per cent Per cent Per cent 
0-12 18.07 18.49 0 .42 
12-24 24.69 20.41 4.28 
24-36 22.18 19 .55 2.63 
36-48 33 .90 23.24 10.66 
48·60 40.90 29 .28 10. 81 
Total water in inches 23 .00 18.54 4.46 
These results were obtained from adjacent plots, one being 
plowed during the fall of 1900, the other in the spring of 1901. 
The soils were similar and comparable in every way except for 
the time of plowing, and it will be seen that there is an average 
of 4.46 inches more moisture in the first five feet of soil for that 
plowed during the fall. The difference amounts to more than 
one-'third of one year's rain and snowfall at that place. These 
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samples were taken from s ummer fallowed land. It will be ob-
served that the difference in soil moisture is much more marked 
at the fifth and sixth feet. The moisture will be more effec-
tive in plant growth' if found at this point, simply from the fact 
that it is less likely to be evaporated than if found in the first 
or second foot. At this point the plant can obtain the moisture 
at the time when it is most needed. . The Minnesota Experi-
ment Station has shown that a wheat plant sixty-three days 
old, about two feet high and ready to head out, had roots which 
had "penetrated to the depth of more than four feet." The 
depth to which the roots will penetrate will depend very largely 
upon the character of the soil and the method of treatment. 
Although no data are at hand, it is believed that in this arid re-
gion the wheat plant sends its roots in search of water to even 
a greater depth than that given above. 
On October 16, 1901, samples were again taken from the 
same farm, this time to a depth of ten feet. The samples were 
taken in the near vicinity of those ta·ken July 19th. In the 
meantime the farm had been seeded to wheat, and an excellent 
stand had already appeared. 
TABLB H.-INFLUENCE OF FA.LL PLOWING ON SOIL MOISTURE . 
Inches. Fall plowed Spring plowed Difference 
Per cent P e r cent Per cent 
0- 12 23. 75 17 .44 6.31 
12-24 23.83 17.72 6.11 
24-36 28. 11 18.07 10.04-
36-48 32.98 22 .55 10. 43 
48-60 3.'U 5 29.28 3.87 
60-72 33 .33 31. 67 1.66· 
72-84 36 .69 35. 61 U)8 
M-96 41.11 S6.76 4.35 
96-108 39 .08 37.63 1 ,45 
108-120 36.17 36 .39 0 .22 
Total water in inche!: 53 .34 46.87 .7.47 
Here the difference in favor of fall plowing is marked. The 
amount of moisture in the first five feet of the land plowed in 
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the fall was equal to 53.31 inches, while that of the spring 
plowed was 46.87 inches, a difference of 7.4~ inches, or more 
than one half of a year's precipitation in favor of fall plowing. 
While plowing is more difficult, and consequently more ex-
pensive, if done in the fall, the amount of moisture saved, and 
the increased yields, more than compensate for the extra ex-
pense. Another ad vantage of plowing in the fall is that the 
farm work is not so pressing as in the spring time, and hence 
the farmer has an opportunity to distribute his work more 
,evenly over the year. The freezing and thawing during the 
winter also alter the texture of the soil, making it finer, and 
consequently keeping it in better condition for seeding. 
The general consensus of opinion among arid farmers of 
experience is that deep plowing is much mOl"e effective than 
shallow plowing. The general practice on the dry farms is to 
use two teams of horses on a fourteen-inch sulky-plow and 
turn the soil to a depth of eigh t to ten inches. On one large 
dry farm ,the practiCe of sUb-soiling was followed for a few 
years, and, it was claimed, with very beneficial results. Most 
farmers, however, think it very doubtful whether this method 
of plowing has proved helpful enough to warrant the extra ex-
pense. In Juab county, every farmer who has attempted arid 
farming has become converted to the idea of plowing deep. 
Messrs. Garrett and Boswell, who own one half of a section of 
land between Nephi and Levan, in Juab county, and who have 
had three years' successful experience in arid farming, informed 
the writers that, hereafter, their land would be plowed from 
eight to ten inch~s deep. Deep plowing is beneficial because it 
increases the moisture holding capacity of the soil and, as is 
believed by some, retains not only all the water a.dded to it, but 
also some moisture from the deeper layers gained through cap-
illary action. 
Some experiments in arid farming, conducted on the Sta-
tion grounds during the past season, were not altogether suc-
cessful. The character of the subsoil (loose gravel) does not 
permit the storage of moisture in quantities sufficient for ' the 
needs of 'plant growth. Ten plats were used in the experi-
ment. All were plowed ten inches deep and five of them were 
subsoiled eight and a half inches deeper. They were all sown 
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to Lofthouse wheat on November 18, 1900. The average yield 
for the subsoiled piats was 8.42 bushels per acre; while that 
from the plats not subsoiled was 6.71 bushels per acre. These 
yields were favorable to subsoiling, though the soil of the Col-
lege farm is so shallow that the test can not be considered of 
greatest value. 
TABLE 15. -SHOWING THE AMOONT OF' MOISTURE IN FIVE SUBSOIL Ii.:D A D 
FIVE NOT SUBSOIL~D PLATS O N THE COLLE GE FARM. 
Nov. 18 . ..... . . . ... .... . .... 
May 8 . ... .. .. . ....... . .. . . . .. . 
June 3 . . ....... ..... . . . .. ... .. 
9 .. .. .... . . ...... June 1 
July 10.. . .. .... .. . . · .... . 1 
July 17 . . ..... . . .. . .. .... . .... . 
Subsoilei! 
Aver age p er 
cent of water 
to depth of 30 
inches . 
14.4 
20.75 
9.59 
5.94 
4.66 
3.92 
Not SUb'OBedl 
Average e r 
cent of wate r 
l~c~:~th of 30
1 
14.35 
20 .11 I 
8. 66 
5.9~ 
5.32 
4.!l0 
" 
DIFFER B;NCE 
Per Cent Rainfa ll inches 
- ---
+ .1:1 + 0. 06 
+.64, + 0.27 
+.93 + 0.39 
. 
-. 05 - 0.02 
.~ 
- 0 . 
By reference to the last column of the above table, it is 
seen that on November 18th, the day of seeding, and immedi-
atelyafter subsQiling, the amounts of water in the subsoiled 
and not subsoiled plats were practically the same. On ¥ay 
8th, the subsoiled plats contained more water than those not 
subsoiled-the difference amounting to .27 of an inch of rain-
fall. On June 3rd, the difference was even greater, .39 inch. 
These differences, it may be observed, equal a fairly heavy 
rain, suc·h as falls at times during June, and would doubtlessly 
have a marked favorable effect on the growth of the crop. On 
June 19th, the more rapid growth of the crop on the subsoiled 
plats had so reduced the moisture content that there was prac-
tically no difference between the two series of plats. At this 
time the active growth of the crop was greatly reduced, and its 
main work was that of ripening the seed. It is of the highest 
interest to observe that, from this time on, the amount of water 
in. the subsoiled plats became less than that in those n t sub-
soiled. This may be accounted for when it is remembered that 
subsoiling loosens the lower layers of soil so that the plant roots 
can penetrate them more easily and thus use up the moisture 
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stored there more completely. The results of this experiment 
indicate, strongly, that subsoiling favors the storing and re-
taining of the moisture that falls upon the ground. Future ex-
periments, it is hoped, will demonstrate this more completely. 
Several years' experiments will be necessary to determine the 
place subsoiling should have in Utah agriculture. 
The theory has been advanced that, when the subsoi~ is 
loose and gravelly, no benefits will result from subsoiling, but 
on the contrary, much injury may be done. It is claimed that 
these soils, when subsoiled, lose a great deal of moisture which 
readily passes through them. In some sections of the country, 
east of us, the general experience ha~ been favorable to sub-
soiling hard and compact soils. In this arid region, until fur-
ther experiments are completed, it will be unwise to draw con-
clusions on the subject. 
The experience of most Utah farmers has been that there 
is very little difference in the fertility of the soil and the sub-
soil. As a consequence there is little danger of plowing too 
deep. On most Utah farms, the luxuriant growth and larger 
yield on the back furrows, compared with the scanty growth 
and small yield of the dead furrows emphasize the importance 
of a deep seed bed: 
This illustration shows a subsoil plow that has been used 
successfully at the Utah Experiment Station. 
10. PLANTING. 
The practice formerly among the arid farmers was to sow 
from one and a half to two and a half bushels of seed wheat 
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per acre. Experience has shown, however, that from one half 
to one bushel per acre gives better results than where more 
seed is used. 
After a summer fallow there is usually a~ple moisture in 
the soil, which will, if the s'eed bed has been properly pre-
pared, be sufficient to properly germinate one-half bushel of 
seed and this will furnish a sufficient number of plants to stool 
out for a sufficiently thick stand of wheat. Where wheat is 
grown on the same land two or more years in succession, the 
moisture in the soil at the time of seeding will be less and the 
prospects of all the seeds germinating conseq uently lessened, 
and therefore, more seed should be used. Sometimes the soil is 
loose alld open, or the season too far advanced before seeding, 
for the most favorable conditions for the "stooling out" of the 
wheat, and in these cases a larger amount of wheat will be nec-
essary. The farmer must study his own individual conditions, 
and from his knowledge of the condition of his land, determine 
the amount of seed to sow. Some years ago this Station com-
pleted an experiment on the amount of seed wheat to use. The 
experiment was carried on under irrigation and consequently 
the conclusions reached may not be applicable to arid farms. 
The experiment, however, resulted in better yields being ob-
tained when two pecks* were used as compared with ten pecks, 
or intermediate amounts. Often on the arid farms, where the 
wheat shells badly before being cut, no seed is used. This 
method, however, is rather uncertain as to results and not 
to be advised. 
It is unfortunate for the wheat producers that a good vari-
ety of arid farm wheat has not been developed and universally 
grown. Hardly any two of the arid farmers interviewed were 
growing the same variety of wheat. Too many farmers are 
growing mixed varieties, notwithstanding the fact that at 
least five cents per bU,shel more is paid for straight grades than 
for mixed. 
The wheat plant (as every other plant) is affected either 
advantageously or disadvantageously by its environment. If 
wheat is grown on arid farms, it gradually adapts itself to arid 
conditions, and hence tbe folly of many farmers obtaining seed 
*Utah Bulletin. 56. 
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from those who have grown it under irrigation, only because it 
is larger and plumper. A satisfactory variety should be chosen 
and by constant selection and grading improved each year,and 
in time the farmer. who does this will have a ready market for 
his wheat because of its uniformity. Farmers contemp1ating 
arid farming should obtain seed from an arid farm where a good 
variety has been g~own, and by careful yearly selection de-
velop a wheat suited to their conditions. Care should be ex-
ercised in the beginning to obtain good seed, known to have a 
record of large yields per acre, and then this seed should be re-
tained year after year. Changing seed merely to make a change 
has its dangers in wheat growing even on the irrigated farms 
and to a greater extent on the arid farm. 
As wheat is the principal crop of the arid farmer, the 
proper time at which it should be sown is an important con-
sideration. Very little of the wheat grown on arid farms 
is spring sown, and this amount is growing less each year 
When sown on summer fallowed land it has become customary 
to sow during the latter part of August or early in September. 
If following wheat, then the crop is removed as quickly as pos-
sible and the seeding done as soon as the land can be prepared. 
Few farmers now wait for the fall rains before seeding, as ex. 
perience has universally shown that if the land is prepared and 
seeded as early as possible best results are secu red. Often-
times the seeding is done at a time when the surface is dry and 
dusty, but there is ·usually sufficient moisture two to four in-
ches down to cause germination. Even if such conditions 
should not prevail, no harm results from the seed lying in the 
ground until the fall rains furnish sufficient moisture for ger-
mination. 
A few arid farmers sow in the spring on account of the 
danger from winter killing. The past two winters have been 
attended with very little snow to afford protection for the tender 
wheat plant, and yet during this period there has not been 
extensive winter killing. We conclude that there is but very 
little dange·r from this source and as a result of our observation 
and experience, would strongly advise sowing fall wheat on 
arid farms. 
It is difficult to find an arid farmer now who sows his seeds· 
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broadcast. Press drills have come into almost universal use and 
a drill is considered almost as essential in arid farming opera-
tions as a plow. With a drill the seed can be placed more evenly in 
depth and the depth to which the seed is to be sown can be 
regulated according to will. If the surface is dry, the wheat 
seed can be planted as deep as three and one-half inches. If before 
or just after fall rains the depth need not be greater than one 
inch. It is possible for the young plant to come up through 
three or four inches of loose earth, and if sown at this depth, 
the roots enter at once into the moist soil. The press drill is a 
very useful implement because it presses the light open soil 
around the seed, causing q uicker ger~ill.ation and results in 
preventing the wind from carrying the soil away. 
11. FALLOWING. 
The practice of leaving the land fallow or uncropped every 
other season, or in some instances, every third season, is fol-
lowed on most arid farms. It has been discovered that this 
method ]Aesults in better yields than where the land is con-
tinuously cropped. The practice of fallowing originated in 
ancient times and is an outgrowth of the inferior implements 
of tillage used at that time. These tools did not stir and pul-
verize the soil sufficiently to render available the plant food 
-ready in the soil and in consequence it became necessary to 
allow the soil to weather and allow time for the growth and 
decay of vegetable matter. 
On many well conducted farms intelligent rotation has been 
made to accomplish the results desired by fallowing. An in-
timate knowledge of the feeding habits and needs of various 
crops enables the wise farmer to grow these crops in such suc-
cession that plant food will be available to the crop at the time 
most needed. Another object aimed at in fallowing is the eradi-
cation of troublesome weeds. This can be accomplished by ro-
tation. On our arid farms, however, the great object aimed at 
in fallowing is the storing up or conservation of moisture for 
the succeeding crop. 
By proper methods of tillage the precipitation of two 
years may be stored in the soil and can be drawn up by the crop 
when needed. On many Utah farms under irrigation, c( n 
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tinuous crops of wheat have been produced on the same land 
for twenty and even twenty-five years in succession and with-
-out any appreciable decrease in the yield. This proves the ex-
istence of a great store of plant fertility in Utah soils. Such 
continuous cropping would be impossible on the arid farms,not 
because of lack of fertility, but the precipitation of anyone 
year is not all available for the crop and experience has shown 
that where the moisture of two seasons is used in th.e produc-
tion of one crop, or even the moisture of three seasons used for 
two crops, better results are obtained. While it is true that 
lucern may be grown continuously on the same land, it must 
be kept in mind that this crop sends its roots many feet into 
the ground in search of water, while wheat and other cereals 
draw only from a limited area. While the practice of summer 
fallowing is not to be commended on many of the small, in-
tensively cultivated farms of Utah, it certainly has its place on 
the arid farms. It may be wise on many of the arid farms 
where the soil is a light sand and lacking in plant food and also 
unable to retain moisture, to grow green crops, and plow them 
under when coming into head. Rye, vetch, clover or buck-
wheat may be sown in the fall ~fter the wheat crop is removed 
and plowed under the next Mayor June. Any of these crops 
will grow readily on poor land and will furnish a large amount 
·of vegetable matter to plow under. Clover or vetch will be 
better than either of the other crops mentioned because they 
would not only add vegetable matter to the soil, but during 
their period of growth can accumulate nitrogen from the air. 
The addition of this vegetable matter to the soil not only . adds 
plant food, but aids in setting free some of the plant food 
.already in the soil and making it available for the plant. It 
also aids light soils in absorbing and retaining moisture, a very 
important consideration on arid farms. While green manuring 
has not come into general practice in Utah, it seems that the 
resultant fertility, and moisture-holding capacity of many of 
·our light soils might be materially increased by adopting this 
method. Where bare summer-fall?wing is practiced "it rarely 
becomes necessary to plow more than once. The land should 
be plowed deep as soon after the crop is removed as practicable. 
Surface tillage may be made sufficient to keep the ground free 
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from weeds and to give the land such preparation in preparing 
the seed bed as is .necessary for the sowing of the seed in Au-
gust or September. Of course the character of the first plow-
ing, theaweeds present and the soil, will determine whether it 
will be best to replow or simply to give surface tillage . . 
In brief, summer fallowing clears the land of troublesome 
weeds, improves the physical condition of the soil, and makes 
available a larger amount of food and water supply. As to 
whether the fallow should come every second or third year will 
depend entirely on the character and condition of the land and 
the moisture available. Every arid farmer will have to study 
his own conditions and determine his policy from a knowledge 
of the particular needs. 
12. HARVESTING. 
A brief discussion of the general practice of harvesting 
wheat on arid farms may be of interest to those who are con-
templating engaging in this industry. An effort has been made 
to reduce the expense of all the operations connected with arid 
farming to the mimimum, and for this reason, methods of har-
vesting have been devised by means of which the expense is 
much less than formerly. The "header" has been found 
essential on the arid farms. Most of the manufacturers of im-
plements have headers on the market, but all operate on the 
same general plan. Figure 8 shows one of these in operation. 
As will be seen by reference to the illustration, two teams 
are required to operate the header, and two to six teams, de-
pending on the distance of the stack and the yield of grain, are 
required for the wagons on which are the boxes for removing 
the heads of grain from the field to the stack. As the cu tting 
and stacking are done at the same time the expense of shocking 
the grain is dispensed with. If the grain, when headed, be 
properly stacked and covered, threshing may be delayed until 
a convenient time; whereas, when cut with a binder and shock-
ed, there is always danger of mould in the shock when the fall 
rains begin, . and consequently every farmer, under these ci r-
cumstances, desires his threshing done at the earliest possible 
opportunity. Another ad vantage in the use of a header lies in 
the fact that only the heads of the grain are removed from the 
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soil, leaving the straw, which when plowed under, assists mater-
ially, as discussed in a later paragraph in this bulletin. in re-
taining soil fertility. 
With a header, from twenty to twenty-five acres of grain 
are cut and stacked in one day. With a binder it is rarely pos-
sible to cut more than ten acres. In this fact lies one argument 
in favor of the use of a header. Oftentimes the grain becomes· 
very ripe before cut and it becomes desirable to harves~ as 
quickly as possible to prevent shelling. Too, the closed boxes 
used by the header affords a much less chance for loss from 
shelling than where ·the binder is used and the bundle is handl-
ed several times before reaching the thresher. 
The small average yield of wheat obtained on arid farms, 
together with the selling price of wheat for the past three or 
four years,* has necessitated the greatest economy in order to-
make the industry successful. 
The arid farme!s in some sectionsof the State have already 
- realized some of the advantages which come with mutual ow ner-
ship of machinery, and in purchasing headers, it is the rule and 
not the exception, for one header to be owned by from t wo to-
six farmers: These farmers realize that if wheat is to be 
grown at a cost below the average cost to _irrigation or humid 
farmers, and if results are to be secured which will be a fair 
profit on t"he capital invested, the most improved machinery 
must be brought into requisition, and this can be done, in many 
ins tances, only by co-operative ownership, by definite busi-
_ ness methods, and by mutual confidence in their neighboring 
farmers . It is obvious that where such a small yield per acre 
is secured, and where an interest in expensive machinery must 
be had, that arid farming can be successful only on large areas.· 
One business managemen-t can handle vast tracts of Jand under 
arid conditions, and it seems useless to engage in the industry 
if this is the only source of inc.ome unless 160 acres are under 
tillage. It is more profitable if two quarter sections can be 
used, because of the necessity of summer-fallowing the land 
every other year, and the same implements, horses, etc., that 
are required to do the work for one quarter section can do the 
work on two farms of this size. 
• Wheat bas been selling, on the averae-e, for about 40 cts. per bushel during the-
past three years . The avera.re yiold is about 18 busbels to the acre, on arid farms. 
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The energies of the arid farmers have so far, in the main, 
been bent in the direction of cheap production. It would seem 
desirable that this same ingenuity should be exerted in a more 
systematic and profitable system of marketing. The wheat of 
the arid farmer is sold miscellaneously on the market, no 
·efforts having been made, through concerted effort to sell in 
bulk and directly to the flOUT manufacturers. Ad vantages of 
combination in the way of tilling, ' plowing, reaping, and mar-
keting, which will eventually come to this in.dustry, will result 
in its rapid development. The tendency on the irrigated farms 
of this State, with its rapidly increas ing population , is toward 
small farms with more intensive culti vation. It is not possible, 
however, on the vast areas which can never be brought under 
irrigation, to till successfully a few acres. It is to be hoped, 
howe-ver, that homes will be built on farms of this character, 
and that no more land will be secured than can be farmed well. 
If intelligence, industry and good judgment are brought 
to bear upon the cultural methods, essential -to this indus try, 
we need not fear a comm.unity of soil-robbers, but the farms may 
be made even better for future generations. 
13. ARID FARMING AND SOIL FERTILITY. 
ExcIusi ve wheat growing which is likely to be practiced on 
many of the arid farms of Utah, for some years to come, is 
justly charged with reducing the fertility of the soil. The 
main reason for this is, that the grain, and frequently the 
straw, are taken off the land, and nothing is returned. In the 
practice of arid farming, however, seyeral causes tend to di-
minish the evil effects of continued wheat cropping. First, the 
yields are smaller than those obtained on irrigated farms, and 
less plant food is taken away as a result. Secondly, the "head-
er" is commonly used on arid farms. which leaves practically 
all of the straw on the ground, to fertilize it. 
Then, again, the ordinary soils of Utah are extremely fer-
tile, as compared with soils under humid conditions, so that 
there is no immediate danger of soil exhaustion. Experience 
has shown, however, that the fertility of Utah soils, if they are 
cropped too persistently and in an unscientific manner, will 
suffer a gradual and serious diminution'. A rational system of 
rotating crops will prevent this, in the case of irrigated farms; 
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but on the arid farms, such rotation is, witb our . present ex-
perience, almost impossible. The frequent fallowing, and deep 
plowing, already recommended for arid farms, will in a large 
measure, offset this difficulty. 
The only element of plant food that is likely to be ex-
hausted is nitrogen, which, by the application of modern 
scientific results, may be restore-d to the soil. Tbe element 
nitrogen occurs in great quantities in the atmosphere, but it is 
present in such a form that most plants can not use it. All 
leguminous, or pod bearing plants, such as lucern, the clovers t 
peas and beans, differ from otber crops in possessing a special 
power of taking nitrogen from the air. It would therefore 
seem wise, at certain intervals, to sow lucern or some other 
leguminous crop on the arid farm in order to fertilize tbe soil. 
This will be profitable, even though the crop only germinates 
and grows for a few weeks until withered by the hot weather, 
for during its growth, it will take from the air considerable 
quantities of nitrogen that, left in the roots and stubble of tbe 
crop, will add to the soil's store of nitrogen. It may be said 
that, where a leguminous crop is grown simply to enrich the 
land, the best practice would be to -plow tbe whole plant into 
the soil, thus using the large amounts of nitrogen found in the 
leaves and stalks of the crop for purposes of fertilization. 
Lucern, owing to the time it req uires to make a stand, is not 
especially well adapted to this purpose. 
On arid farms, where a part of the land is used for raising 
lucern seed, this process of fertilization goes on year after 
year, the wheat fields, as the yields begin to fall, may be sown 
to lucern, and the lucern fields plowed up to form excellent 
wheat land. 
If the nitrogen supply of arid farm soils is looked after, 
there is very little danger of any serious diminution of soi 
fertility, even under conditions of long continued wheat crop-
ping. 
14. THE PRESENT NEEDS OF THE INDUSTRY. 
Though it is true, as has been shown in the preceding 
pages, that the soils of Utah are uniformly deep, and possess, 
therefore, a large water ~holding cap~city, yet they differ 
markedly in · many characteristics, upon which depends .the 
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evaporation of water from the soil, and, according to which 
cultural methods should be varied. To illustrate: the soils in 
the north are comparatively poor in lime, and allow water to soak 
laterally with "the greatest difficulty; the soils in Sanpete anq 
part of Juab counties are heavily charged with lime, that gives. 
them a porous structure, which makes the movements of water 
in them easy; the soils in parts af Emery and Juab counties are 
rich in gypsum which again changes the properties of the soils; 
in other places are alkali soils with peculiar properties. So, 
throughout the State; ' though the general conditions of a suffi-
ciency of plant food and of depth are the same, a great variety 
of soils exist, when their properties, with respect to water, or 
to methods of tillage are considered. One of the present needs 
of Utah agriculture is a more perfect knowledge of the soil 
conditions of the State. The arid fa.rmer has an especial in-
terest in this matter, for the success of his crop will depend 
more upon the treatment that the soils receive than upon an 
inch more or less rainfall in anyone year, or upon any other 
one condition; and the soil treatment must be carefully varied 
with the nature of the land. 
Another undesirable condition that confronts arid farming 
in Utah is the unusual conservatism with regard to the practice 
that has arisen in many parts of the State. Twelve years ago, 
when arid farming was just beginning in Cache Valley, prac-
tical, level-headed farmers scoffed at the idea of raising crops 
on the dry land of the west side of the valley. One gentleman, 
who owned several hundred acres on the west slope of Cache 
Valley spent five hundred dollars or more in boring for flowing 
wells, and, as he was unsuccessful in this, sold his 1and for a 
very small sum, rather than to try farming without 
irrigation. Since that time, that farm h~s been yielding several 
thousand dollars annually from the wheat fields; and the 
present owner is rapidly acquiring wealth. 
The prej udice against arid farming that existed in Cache 
Valley ten or fifteen years ago, exists against the practice in 
various parts of the State today. In the summer of 1897 one of 
the writers made a study of the soils of Juab county. At that 
time, the question co~cerning the feasibility of arid farming in 
the county was broached, but the oldest settlers, with consid-
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erable unanimity affirmed that it was impossible in that county. 
When it was remarked that the rainfall and soil conditions 
pointed to successful arid farming, the answer was, that '\the 
land was drier there, "an.d other reasons made the practice 
impossible. In the summer of 1901, another visit was made 
to Juab county, and splendid wheat fields were found on the 
dry hill between Nephi and Levan-and that in spite of the season 
being the driest on record since the settlement of the State. 
While standing on one of these wheat fields, the writer pointed 
across the valley, on the other side, where a luxuriant growth 
of sagebrush covered thousands of acres, and said, "There is 
plenty of land for arid farming." "But no" said our friends 
who guided us, and were old residents of the county, "arid 
farming is possible only on Levan hill; can't raise arid farm 
wheat on the other side of the valley." Still, it is almost abso-
lutely certain that the west side of Juab valley will grow arid 
farm crops fully as well as the east side; and in a few years it 
will be proved. Thus prej udice moves slowly under strong 
pressure. 
r.rhese statements indicate the needs of the arid farm in-
du try of the State: 1st, a better knowledge of the nature of the 
soil in various localities of the State, and the best methods of 
tillage in each" place that follow from this knowledge; 2nd, 
actual demonstrations, in several parts of the State, that arid 
farming can be made successful. The former of these needs 
can be met only with the help of scientific experts; the latter 
can be solved by the farmer himself, though few men would 
undertake arid farming simply as an experiment. 
Both of these needs could "be most quickly and effectively 
met by the establishment of five or six small experimental farms 
in typical districts, on which varieties of grains and other crops, 
and various methods of tillage could be tested. At the same 
time, those in charge of these farms would be able to study the 
"soils and to send samples to the State Experiment Station for 
analysis. In five or six years, the work would probably be 
finished. The cost of making such an investigation would be 
comparati vely small; while the results, in the encouragement 
of the arid farm industry, and the establishment of rational 
methods of culture., would be very great, and would continue 
throughout the years. 
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There is another need of Utah agriculture, both arid and 
irrigated, that these farms could meet; namely, the testing an d 
selecting of varieties best adapted to the soils and climate of 
different parts of the State, and that would be most resistan t 
to effects of drought. By the use of seed from proper varie-
ties, there can be no question that the crop-yields of the State 
can be materially increased. In this matter again the farmer 
requires the aid of special im'estigators. 
r.rhis work would be properly und er tal{en by the State; and 
t he s uggestion i ' made to the citiz ns in the bope tbat those 
who are intere _ ted in the development of . Utah will urge the 
matter upon our leg is lat ' rs. Other, maller and older States, 
with more uniform conditions than we po '"'es , ar making 
su h pecial, n ecessary studie of their lands-we are more in 
need of the information that such studies will bring, and must 
have it for the proper ad vancement of agriculture in ou r State. 
15. SUMMARY OF CONCLUSIONS. 
1. There are vast areas of land in Utah that will not for 
many year be brought under irrigation; there are many other 
t.hat, probably, will never be irrigated. T he e land in most 
ca . es would make splendid dry or arid farm~. 
2. Th€:' term "arid farming" is prefel-able t "dry farm-
ing ;" and it i hoped that the farmers of Utah 'will adopt it. 
Under a wasteful sy tern of irrigation, wh re, however. 
no water is allowed to run off the soil, about 1200 tons of water 
a re neces ary to produce one ton of the ordinary crops. 
4. The average rainfall of Utah is a little more than 12 
'inches. Thi amount of precipitation sbould pi-oduce on ariel 
farms, with proper tillage, not less than lS bushels of wh at 
to the acre. 
5. The t~mperature and unshine conditions of tab are 
fa vorable to arid farm ing. 
6. Utah soils are very deep, and allow, therefore, the stor-
age of large quantities of water in them . 
7. Nearly all Utah soils contain much water to a depth of 
a t least 10 f et. 
8. An un.dergronnd soil survey, made with the aid of long 
augers, should alway::; be made of arid or irrigated farm. 
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9. Arid farm wheat appears to do equally well on sandy, 
loamy and clayey soils. 
10. The northern and central portions of Utah seem well 
adapted to arid farming. Arid farming will probably be suc-
cessful, also, in the southern, eastern and western portions, 
though crops could not be obtained from the land s o often as in 
the north . 
11. The most successful arid farm crop has been wheat. 
The other cereals will do nearly as well. Corn and lucern are 
well adapted to the arid farm. 
12. Fall plowing is essential on arid farms, as it opens tbe 
soil and permits the storage of tbe fall and winter precipita-
tion . 
13. Deep plowing is desirable on arid farms, as it allows 
the water to be stored deeper, and furtber avvay from the di-
rect action of tbe sun 's heat. 
14 . Subsoiling, in many cases, is profitable on arid farms. 
15. One-balf to one bushel of wheat is tbe best amount to 
sow on arid farms. 
16. Fall sowing is always preferable to spring sowing, as 
better u s e is made of tbe soil moisture by fall grain. 
17. Wheat adapted to arid conditions should be used if 
obtainable. 
18. Drilling is better than broadcasting. 
19. The main purpos e of fallowing on arid farms js to 
s tore the water ot two or more seasons in the soil. 
20. vVhere the rainfall is light, fallowing mus t be fre-
quent; where heavy, it may be less frequent . . 
21. Weeds must !lot be allowed to grow on the fallow arid 
farm , for tbey waste large quantities of moisture. 
22. Green manuring, es pecially of pod-bearing plants , will 
keep up the fertility of arid farms . 
23. On arid farms, wheat is usually harvested with a 
header . 
24. The a verage yield of wheat on Utah arid farms has 
been between fifteen and twenty bushels. 
25. The arid or dry farm industry of U tah would be 
greatly benefited if the State should establish for five years , 
fi ve or six small experimental farms, for testing tbe adapta-
bility of various parts of the State to arid farming. 
